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INTRODUCTION. 

The soil, the plant, and the animftl alike claim the atten- 
tion of the agriculturist. It is, however, hardly an exag- 
geration to say that, in many respects, our knowledge of 
the soil is least. What is the soil? What is the tme 
nature of the mysterious changes that take place in its 
dark recesses ? The view that the soiF was merely a mass 
of mineral matter, of lifeless material, from which plants 
could select what was suitable to their growth and de- 
velopment, is, according to modem notions, no longer 
tenable. Recent research has demonstrated the existence 
in the soil of minnte living organisms, the exercise of 
the functions of which is intimately associated with the 
preparation and presentation of plant-food. By the ac- 
tivity of these organisms the humus and ammonia existing 
in the organic matter of the soil are oxidised, and their 
nitrogen is converted into nitric acid. As the result of 
this process of nitrification the nitrates which are pro- 
duced present their nitrogen in a form in which it can 
enter the plant in solution. Not less significant are the 
fvmctions, still under investigation, of those micro-organ- 
isms which appear to act as carriers of nitrogen between 
the enormous reservoir of this element contained in the 
atmosphere and the roots of leguminous plants. Hence, 
besides the geology of the soil, the chemistry of the soil, 
and the physics of the soil, modem science must equally 
find a place for the biology of the soil. 



I BOILS AND THEIB PROPERTIES. 

The recognition of the work done by micro-organisms 
marks a most important advance in oar knowledge of the 
phenomena involved in the metabolism (Gr. metahole, 
change) of the soil. Hitherto, investigation has been 
directed rather to the determination of the immediate 
effects of soil metabolism in promoting the nntrition of 
plants. But it is at least possible that the biological fac- 
toi-8 in metabolic activity may eventually be proved to be 
not less potent than the physical and chemical agents in 
effecting the disintegration of rocks, and thns in restoring 
to the soil those mineral ingredients which are undergoing 
incessant loss. 

Our knowledge of the biology of the soil is hardly yet 
in a sufficiently settled condition to be made the subject 
of an elementary manual. All that is attempted, there- 
fore, in the following pages is to trace soils back to iheir 
|)arent rocks, to indicate some of their more important 
physical and chemical properties, and to give a brief 
account of the distribution of soils within the British 
Isles. It is proposed to follow this volume with another, 
in the same series, upon the practical management of the 
soil. 

In the section dealing with igneous rocks and their 
derivatives I have followed very closely the lines laid 
down by Professor Prestwich in his admirable work, 
"Geology. Chemical, Physical, and Strati graphical." To 
the veteran geologist I am further indebted for most of the 
analyses of rocks ; though in an elementary book it did 
not seem necessary to give the author of each analysis. 
I have also had recourse to the well-known manuals of 
Professor A. H. Green and Sir. A. Geikie, whilst Mr. H. B. 
Woodward's " Geology of England and Wales " has 
afforded me many usefnl hints for the section treating ol 
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the distribution of soils. No student of the subject of 
soils can venture to ignore the precise and elaborate in- 
vestigations which, for more than half a century, Sir John 
Lawes and Sir Henry Gilbert have prosecuted at Botham- 
sted, Hertfordshire. I have, therefore, particularly in the 
section concerned with the relations of water to the 
soil, not hesitated to avail myself o( the opportunity thus 
afforded to attempt to popularize a series of valuable and 
significant facts, other details relating to which niay be 
found in my book on "The Bothamated ExperimentB." 
Several aectiona I have revised from my former contribu- 
tions to the Journal of the Boyal AyrtctUtural Society of 
Ihiglaitd, to the Transactions of the purveyors' Institu- 
tion, and to other publications. Most of the woodcuts 
are taken from the geological works of Mr. A, J. Jukes- 
Browne, F.O-.S., published by Messrs. George Bell &. Sons. 
I^irther obligations are acknowledged in the text. 

We have in our own language nothing comparable with 
M. Risler's exhaustive treatise, " G6obgie Agricole." 
The wealth of reference in that comprehensive work ren- 
ders it, however, specially valuable to the French rather 
than to the English student. Nevertheless, this little 
volume will hardly fail in its purpose should it be found 
competent to indicate in a small way those facts and 
jn-incip]es which M. fiisler has so successfully demon- 
strated on a much larger scale. 

A SECOND edition having been called for, the text has 
been revised throughout, and, at the same time, an effort 
has been made to introduce such additions as the re- 
sults of investigation during the last few years have 
rendered possible. 
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SOILS AND THEIR PROPERTIES. 



THE ORIGIN OF ROCKS. 
Soils form a merely anperficial covering of certain parts 
of the dry land which occupies a portion, though not the 
greater portion, of the surface of the globe. By digging 
down to a certain depth, usually a moderate depth, it is 
always possible to expose rocky material — limestone, 
sandstone, clay, gravel, granite, or some other kind of 
rock ' — differing from the more or less thin layer of soil 
which hides it. Any question as to the origin of soils 
must obviously lead back to an inquiry into the origin 
of the rocks which underlie the soils. To this inquiry 
geologists have furnished an answer that is at once in- 
telligible and natural. 

The globe on which we live, and which we call the 
Earth, was once in a highly heated condition, the in- 
tensity of the heat being so great that the materials 
composing the rocks which we now see around us were 
as fluid as molten metal. In the course of ages, much oi' 
the earth's heat was radiated into space; and this went 
on till at length the earth became sufficiently cooled for 
some portion of it to assume the solid state. It was pro- 
bably in this manner that the first hard rock-masses 
made their appearance on the earth's surface. As the 
cooling continued, the water-vapour, or steam, which 

1 The geologist uses the word rock to denote an; Urge mass of 
flarthy matter, whether hard or $oft. 
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2 BOILS AND THEIR PMOFEBTIES. 

most Lave been present in the hot atmoaphere, becamo 
condenaed into the liquid state ; the water itself was then 
sabjected to the coelinK influence of radiation ; and in 
course of time the earth's surface became Inhabited by 
low forms of life. The effect of the sun's heat in those 
far-distant ages would be then, as now, to cause the 
water on the earth's surface to rise up in the form of 
vapour, and bo to form clouds. These clouds, floating 
about in the higher regions of the atmosphere, would 
become sufficiently cooled for their water-vapour to be 
condensed and fall in the form of drops — rain-drops — on 
the earth. The rain-water would flow over the surface, 
or percolate through the rock-masses, and some of it 
would at length find its way into little channels, whence 
the watsr would emerge in rills ; and by the confluence of 
a nnmber of rills a larger stream would be formed, the 
waters of which would in the end empty themselves into 
some large reservoir, as a lake or the sea. 

But what is the eflect of falling rain and running water 
on the land surface of the globe i" To answer thia ques- 
tion, it is only necessary to observe the results produced 
by a shower of rain. Every one has noticed that the 
rain, as it drains off the land, is by no means cl^ar water, 
but that it is turbid or maddy, owing to the fact that 
the running water takes up in its course and carries 
along with it small particles of earth. Water may either 
flow o£P the surface of the land into some small stream, 
and thence to a river, or it may first trickle through the 
earth's " crust," and so find its way by a different course 
into a large stream. All rivers contain fine mud or sedi- 
ment in their water, some, indeed, being always ob- 
viously mnddy ; and even those whose waters appear to 
bo bright, clear, and sparkling, are only apparently clear, 
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for if a glass of the clearest river water be set aside 
for an hour, a fine layer of sandy particles wiU be seen 
to have settled down on the bottom of the vessel. It is 
evident, then, that the effect of running water is to 
leear away the surface of the land; hence water is 
called a denuding agent, because, when in motion, it 
lays bare the rock-masses on the face of the earth. And 
this denuding action of water, be it remembered, has 
been in progress in various parts of the earth ever since 
the time when water first appeared, as snoh, on the globe, 
though the intensity of the action may have been, and 
probably was, greater in former times than it is now. 

The work of denudation implies also that of disintegra- 
tion, by which is meant the breaking up of the rock- 
masses into small particles, capable of being easily trans- 
ported from place to place. This process of disintegration 
having happened, the denuding action of mnning water 
easily follows. A moment's consideration will show that, 
besides running water, there are several other important 
agenta of disintegration. Thus, the great reservoir of 
water, the ocean, is incessantly beating with its restless 
waves upon the rock-bonnd shore, angular fragments of 
rock being thereby broken off the parent mass. These, 
by being contintially rolled about, become rounded into 
pebbles ; and the smaller fragments at length form those 
very small pebbles called sand. And this marine denw- 
dation, as it is called, is always going on to a greater or 
less degree — the huge, angry breakers, urged on in their 
resistless course by the fiercest hurriouie, and the gentlest 
ripple of the ocean wave on a calm summer day, alike 
perform slowly but surely their work of destruction. 
Other causes are not less potent: frozen water, in the form 
of snow and ice, for example, exerts a destructive effect 
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on the land ; glaciei's grind away the rock enrface over 
which they flow, scratching and polishing the rock itself, 
and bearing away to the place where the glacier melts 
the disintegrated particles, which are then further trans- 
ported by the streams that flow from the melting glacier. 
The river Khone is fed in this way by the streams from 
the Alpine glaciers, and before entering the Lake of 
Greneva is a very mnddy river. The Rhine is another 
river whose source is to be sought in the glaciers of the 
Alps; whilst the upper tributaries of the Mississippi are 
fed by the glaciers of the Eocty Mountains, and maay of 
the great rivers of Northern India can be traced back to 
the glaciers of the flimalayas. 

The destructive efliecta of water, then, are produced 
by both its liquid and its solid forms ; and not only is 
this so, bat in the very act of passing &om the liquid 
to the solid state— that is, in freezing — this agent exerta 
an influence which is not less effective. For water, un- 
like most other substances in nature, instead of contracts 
ing, expands when it is in the act of freezing, and the 
power of this expansion is well-nigh irresistible ; conse- 
quently, if a rock soaked with water becomes frozen, the 
water between the particles of rock will, in expanding 
into ice, force these particles farther apart. As long as 
ike ioe remains solid, it will act as a cement between the 
disrapted partJcles ; but as soon as a thaw sets in, tho 
crumbb'ng effect will at once make itself apparent, and the 
particles will be easily carried away in the water that 
trickles oat of the rock. It is in the same way that the 
bursting of a water-pipe by frost, though it occurs at the 
time of freezing, yet is found out only whoa the thaw sets 
in. The effect of a frost on a soil is to make it lighter, 
for the freezing water pushes apart the constituent parti' 



THE ORIGIN OF R00E8. 5 

cles. Lastly, the moving onrrents of air, which produce 
wind, may be referred to, as transporting agents which 
carry clouds of fine sand and dost, resulting in marked 
effects on sandy beaches and loose soils. 

An important pre-disposing cause to disintegration is 
the solvent effect which water exerts upon many of the 
substances which help to form rooks. By the removal of 
these substances in solution, the fabric of the rock is 
weakened, so that it more easily succumbs to the ordinary 
physical agencies. All natural waters contain each dis- 
solved material, as is shown by their leaving a deposit 
when they are boiled away. 

It should now be evident that, by means of the varions 
agents indicated, the earth's surface is nndergoing con- 
tinuous waste ; and the question naturally arises, How is 
it that, notwithstanding the waste and denudation which 
have for so long been going on, the whole of the land has 
not been reduced to one dead level beneath the sea ? 
Clearly there mast be some opposing force, some counter- 
acting influence, at work; and, as a matter of fact, this 
opposing force has its origin in that residuum of the 
earth's primeval heat which is still stored up in its 
interior, G-eoIogista have shown that the effect of this 
internal heat ia to cause oscillations in the earth's sur- 
face, so that while it is slowly rising in one place it is 
.slowly sinking in another. Thus, the north of Scan- 
dinavia is at present being upheaved, while the south of 
Scandinavia and the west ot Greenland are as certainly 
undergoing depression. Labrador, Newfoundland, and 
Hudson's Bay afford evidence of elevation. These pro- 
cesses are of extreme slowness; but occasionally the 
earth's internal heat manifests its existence in a very 
violent and decisive manner, as in a volcanic eruption, 
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-when vaat quantities of molten matter, ashes, and gRsea 
are ejected from the earth's interior ; or in an earthquake, 
when the very " foundations of the earth " appear to be 
shaken, and the surface becomes as unstable as that of 
the CK^an. 

Though the process of disintegration may appear at 
firat to be solely deatmctive, it is not really so, for it 
must be borne in mind that the mnd-laden waters of 
rivers and other streams are, in the end, poured into lakes 
or seas, and there the same thing occurs as happens when 
a glass of water is taken from a river — the sediment be- 
comes in time deposited, on account of the velocity of the 
water being checked. The coarsest, and therefore the 
heaviest, miiterialB, such as the larger pieces of gravel 
and the stones rolled along the bottom of the river, are 
deposited nearest the mouth, while the lighter particles 
are carried farther ont, and the finest sediment farthest 
of all. It is becanse of this deposition of sediment that 
the Ehone, which, as has already been stated, enters the 
Lake of Geneva as a muddy stream fed by glaciers, 
emerges therefrom as a river of clear, pellucid water. 
Deltas, such as those of the Kile and the Ganges and 
Brahmaputra, and the delta of the Rhine, which forms 
most of the flat Dutch country, have originated in this 
way. The Mississippi, the Tiber, and the Po are other 
examples of rivers which are now forming deltas. If, how- 
ever, the river-current be very swift, as is the case with 
the Amazon, for example, a delta is not formed, nor again 
where the sconring action of oceanic currents disturbs 
the water at a river's mouth. 

The sediment, as it is deposited on the ocean-fioor, is at 
first loose and incoherent — shifting sand or mud — but 
gradually, owing to the pressure of oth«r sediment d©- 
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poBited on it, and to the percolation through the mass of 
certain cementing materials (carbonate of lime, solnble 
silica, oxides of iron, etc.), it will in time become a firm 
coherent rook-sobstaDce, as sandstone or clay. Bocka 
formed thns by the agency of water are called aqueous 
rocks, while those prodnced by the action of the earth's 
heat are termed igneous. There is an intermediate -class, 
in which are placed rocks which were formed as aqneoos 
rocks, but which by the deposition of other rocks upon 
them, accompanied by the slow sinking of the ocean- 
. floor, have gradaally come to occupy deep positions in the 
earth's crnst, and there, under the influence of great pres- 
sure, heat, and perhaps steam, have assumed more or less 
the character of tme igneona rocks without really being 
so ; such rocks are said to be metamorphosed or altered, 
and they are called metamorphic rocks. Gneiss, serpen- 
tine, marble, and achiata may be mentioned aa examplea. 
By subsequent upheaval, and denudation of the overlying 
strata, these metamorphic rocks may again be exposed 
at the surface. 

Usually, it is not difQcult to determine whether a rock 
is of aqueoua or of igneous origin. Aqueous rocks are 
(1) granular in texture, (2) exhibit planes of bedding — 
lamination or at ratification— due to deposition in layers, 
and (8) frequently enclose mineralized remains of animals 
and plants (foasils). Igneous rocks, on the other hand, 
(ure (1) crystalline in texture, (2) do not show lamination, 
and (3) never enclose fossils. Familiar examples of 
aqneons rocka are sand, sandatoue, clay, inarl, limeatone, 
coal, rock-aalt ; common igneous rocks are granite, basalt, 
and pumice. Aqueoua rocka, aa they occur in the earth's 
crust, are usually stratified — that is, arranged in layers ; 
igneous rocks are wttstratijkd. 

U.g.VK.yG00glc 



8 SOILS AND TUEIR PBOPEBTIES. 

All the rocks which at any one period appear aa Srf 
land are alike subject to the influence of disintegrating 
agents. Hence, by the continued denudation of the land 
accompanied by slow upheaval, it woald be possible for 
igneous rocks, which had originally solidified deep down 
in the earth's crust, to appear at the surface. Further, 
although aqueous rocks may, at flist, have been deposited 
horizontally, yet, owing to movements of the earth's 
cmst, caused by its endeavour to accommodate itself to 
the contracted interior resulting from the radiation of the 
earth's heat into space (a process which is still going on), 
the horizontal layers become first tilted, uid then thrown 
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into curves, these movements being necessarily accom- 
panied by great straining, tearing, crushing, and contor- 
tion of the rocks. The tops of the curves then get planed 
off by denudation, and so the surface of the land may 
really consist of the upturtied edges or outci-ops of the 
beds. This is to a great extent the case in England, 
where a rapid succession of beds or strata is passed over 
in travelling from the west coast of the country to the 
east (see map); and these strata are known to dip down 
into the earth with a gentle inclination to the east, each 
stratum overlying the one on its west side. 

The section. Fig, 1, represents a sories of beds thrown 
into cui-ves in this way, the upper parts, represented by 
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dotted lines, baviiig been swept away by denudation, the 
present laud snrfaoe being denoted by the letters c, s, D. 
The portion of the carve shown at s, where the strata 
appear to form a basin or hollow, ia termed synclinal, 
while at A, where the strata rise up into a ridge, an 
anticlinal cnrre resalts. The other section, Fig. 2, 
sboAvs how originally continuous beds may be thrown 
into carves, and separated by denudation into isolated 
regions. 

As a result of their investigations, geologists have 
succeeded in constructing a list of strata in the order in 
which they were formed. Such a list, as it refers to the 
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British Isles, is given on the next page, the youngest rocks 
being placed at the top, and the oldest at the bottom ; 
beneath all these stratified formations, and often deep 
down in the earth's crust, there are, of course, igneous 
rocks (fig. 8). The approximate thicknesses are not 
given, as all strata vary considerably in this respect; 
and further, the thickness can afiford no indication of the 
extent of rock exposed at the surface, as this will depend 
rather on the nature of the outcrop and the angle of dip. 
In the last column are mentioned some of the useful 
mineral products derived from the several formations. 
The names of the various groups are sometimes intended 
to be descriptive of the rocks themselves (as Cretaceous, 
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Oolite), or they may be of geographical origin (as Wealden, 
Jiirassio, Pennian, Devonian), or they may refer to the 
nature of the enclosed organic remains (aa Pliocene, 
Eocene) ; the first-named are objectionable, becaose the 
same formation may vary considerably in the nature of 
its rocks in different localitiea. Moreover, it should 
be distinctly nnderstood that the names are primarily 
intended to indicate periods of time, so that it is qaita 
proper to speak of the Cretaceous period, the Permian 
period, and so on; and likewise to infer that the Miocene 
period, for example, vas more recent than the Eocene, 



and the Carboniferous period than the Devonian or the 
Silurian. It is, however, by no means implied that these 
periods were ot equal duration ; as a matter of fact they 
were far from being so. Nor must it be assumed that the 
rocks of the Cretaceous period are necessarily of a creta- 
ceous character, for though this is true of the Chalk it is 
manifestly untrue of the Gault Clay and the Greensand, 
Again, in the Carboniferous period, although the Coal 
Measures may properly be described as carboniferous or 
carbonaceous in character, this term would be quite in- 
appropriate if applied to the Millstone Grit or the Car- 
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boniferons Limestooe rock. Nor should it be inferred 
Uiat the Btrata of a certain geological age in one district 
are lithologically similar to strata of the same age in 
another locality or coontry — they may or may not be 
similar, according to circumstances. 

The earth's surface is mostly occupied by aqueous rocks, 
those of igneous origin being more or less covered by 
these. So long as the aqueous rocks rested beneath 
the protecting covering of the ocean they were pre- 
served from denudation, but directly they emerged above 
the sea their destruction was commenced, and is still 
going on, the result being apparent to every one who 
is willing to look for it. All the diversified forms that 
delight the eye of the traveller or the tourist, — crags, 
peaks, and fells ; scarps, cliffs, and precipices ; gorges 
and ravines ; glens, dells, straths, and valleys ; hills and 
dales; plains and table-lands,— in a word, all the varied 
forms of scenery which, associated with a mantle of ver- 
dure, make the face of the earth lovely and beautiful, — 
have been produced by the unceasing action of rain and 
frost, of rivers and the sea, hy nature's two great sculptors, 
water and ice. 
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CLASSIFICATION OF BOOKS. 

A COHVEMENT classification of rocks may be fonndad 
iipon their different modes of origin ; and such a classifica- 
tion is presented in Table I. on the opposite page. 

Igneous rocks may be of any age, and though many 
areas of such rocks are geologically very old, it is incorrect 
to suppose that all igneous rocks are necessarily of great 
age. Some, indeed, of the very youngest rocks are of 
igneous origin, as is exemplified in the additions to the 
rocks of the surface which are at the present time being 
made wherever volcanoes are pouring forth their molten 
flood. As a matter of fact, therefore, igneous rocks may 
be, and are, of any age from the oldest to the youngest ; 
and in some cases their geological age can be fixed with 
tolerable accuracy from a full consideration of the circum- 
stances under which they naturally occur. From an 
agricultural point of view it is immaterial whether such 
rocks " have been ejected or have welled out on the sur- 
face, and have therefore cooled and consolidated rapidly " 
(Volcanic rocks), or " have been formed under conditions 
of depth and pressure, and have cooled slowly '' (Plutonic 
rooks) ; in each case they weather down into very much 
the same kind of soil. 

Igneous rocks are, as the name implies, those which 
have been produced by the agency of fire, or of intense 
beat. The term is applied to all rocks which have 
cooled from a molten state. If they have at any time 

14 
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dnriog the earth's history been erupted through the over- 
lying sedimentaiy Btrata (aqueous rocks), they are dis- 
tinguished as Tolcacic rocks. If, on the other haiid, they 
Iablb L — CussmcATioN OF Bocks iccoBDma lo ibbib Modes or 
Obioin. 

(TOLCAMC. 
Examples. — Dolerite, BaaaU, and all Lavaa and 
Tnp rocks. 
Trachyts, Obeidian, Pbonolite, Pumice, 
Volcanic Ash. 



IGNEOUS. ' 



Uac 



■Gnuiile, Syenite, Pegmatite, Porphyry, 

FeUiti, FiMhstone. 
norite, Diabase, Gabbro. 
Berpeadne. 

rORHED, OB SEDIHENTABr. 

Hnd, Clay, Till, Bonlder-clay, FoHer'a 
Eartli, Clnuoh, Loam, Sbale, Marl. 

Sma,m^]M.—Saai, Silt, Saadstons, FUgatone, Grit- 

Gravel, Rnbble, Shiogle, Oonglomerate, 

Gbbuicallt fobxbd. 

Exwmplti. — Bockealt, Gypaam, TiaTOTtiiis (riTor 
limestouBi or calsareoiiB tofa) . 

ObQAMICALLT rOBMBD. 

a. B; Animula. 
1. Calcareous. 

fsamp fes.—Limeetoues (Sbell.marl, Conl-rocb, 
Chalk,^ Oolite, Magnesiwi Limestone, " Monn- 



-earth, Flint, Cbert 

Pbosphatio 



3. Siliceons. 
Ext iKqilei. — Diatom 

S. Pboepbatjc. 
fiainpb*.— Guano, Boae-brei 
Dodnlea and beds (oopFolites). 
b. By Plants. 

4. Carbonaceons. 

Exanvplet.— Petit, Lignite, Coal, Oil.sbsle, Patro- 
lenm. Asphalt, Graphite. 

5. Ferrnginoua, 

Eeampies.— Bog iron-ore. Clay ironstone. 
/Eitttniples.— Orvstalline Limestone (Marble), Dolomite, 
Qaarliite, Clay-elate. 
Sobietoae Books (Mica acLiet, Hornblende 
Bchiat, Tolo Bcliiat, Chlorite aehist, 
Calc schist, Gneias). 
C«rt^a Serpentines, Qraoitoa, and Syemtea. 
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have solidified at some depth beaeath the surface, they 
are called platouic rocks. Igaeous rocks are usually cry- 
stalliae in texture and uustratified. The general charac- 
ter of the chemical composition of igneous rocks will be 
understood by an examination of Tables II. and III. 

Some of the older terms applied to igneous rocks are 
still usefully retained. Thus, Folstones are those felsitie 
and porphyritic rocks which are composed largely or 
chiefly of felspar. The Greenstones include diorite, 
gabbro, diabase, and some of the older and coarser dole- 
rites, all having a greenish colour. Qreystones are cer- 
tain greyish compact felsites, trachytes, and lavas. 

Aqaeoas rocks are thoBe which have been deposited in 
water, and hence they usually exhibit etratiflcation, and 
possess a granular texture. The mechanically formed, 
or sedimentary, rocks are built up of the mineral detri- 
tus which is carried by streams into lakes and seas. The 

TXW^ n.— GhEIQIUI. OOVfOBtTlOH Of CEB'Tillt loNEOCB {PLnlONIc) 
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chemically formed rocks arise from ths precipitation, 
caused usually by supersaturation, of the saline matters 
■which have been dissolved out of rocks by the -water 
■which percolates through them. Organically formed 
rocks are due to the gradual accumalation of the remains 
of animals or plants : the calcareous shells of molluscs 
falling to the bottom of the ocean will, in time, form a 
bed of limestone ; and the continued gro-wth and decay of 
vegetation, century after centoiy in the same place, may 
give rise to peat or lignite. 

Hetamorphic rocks are those of which the original 
character has been altered, in which new chemical combi- 
nations have been formed, and of which the structure has 
become more or leas crystalline. By metamorphism, lime- 
stone may be converted into marble, sandstone into quartz- 
ite, clay into slate, and slate into schist, or even into 
gneiss. The characters of metamorphic rocks thus ap- 
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proximate to those of true, igneous rocks, sometimes to 
sach an extent that it is difBcult or impossible to dis- 
tingnish between them. Sonw metamorphic rocks are 
distinctly foliated or laminated, owing to the crystalliza- 
tion of the minerals in parallel layers, often wayy. Sach 

TAei.B IV.— CHBHIOil. COMPOBCTION Of CeBTAIM MBTiKOBPHIO RoOKa. 
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rocks are described as schistose, because they can be split 
along the layers. 

Tbongh a classification of rocks based upon their mode 
of origin is extremely useful from a geological point of 
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view, it is not of primary importance to the agricnltural 
Btudeat. For him the chief qaestions concerning any 
rock are not so much, " How did thia rock originate ? " 
aa, " What is thia rock composed of ? " and, " What kind 
of soil will it weather, or break down, into if expoaed to 
the atmoaphere ? " To illuatrate thia point, take the cass 
of three such rocka as granite, gneiss, and alate. Ordinary 
Bpecimena of these differ so much from each other in ap- 
pearance that it would be almoat impossible, after once 
having learnt to identify them, to mistake one for another. 
They differ, too, in their mode of origin. And yet they 
will, on an average, weather down into much the same 
kinds of aoil, because they conaiat of approximately the 
same chemical components (as is seen in the Analyses 
which have been given). Flint and sandstone, again, are 
of widely different origin, yet they may be ground down 
into powders which are chemically identical. Rocks con- 
sist of minerals, and minerals are definite chemical com- 
pounda, such as Quartz {chalcedony, jasper, opal). Felspar 
(orthocloae, oligoclase, albite, labradorit«, anorthite), Mica 
(muscovite, biotite, lepidolite), Hornblende (actinolite, 
tremolite, asbestos), Angito, Talc, Calcite, Gypsum, 
Apatite, Fluorspar, etc. To the geologist the ndneral con- 
stitution of rocka is of great importance. The knowledge 
that some rocks — such as sandstone, limestone, and rock- 
ealt — consist each of one mineral, whilst other rocks — 
such as basalt, gneiss, and granite — consist each of a 
mixture of minerala, is of great nae to him. He learns 
further, that whilst granite and gneiss both have the 
same mineral composition, consisting as they do of qaartz, 
felspar, and mica, they are, nevertheless, on account 
of their atmcture, usually readily distinguishable the one 
from the other. As rocks are broken down by natural 
Google 
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agencies into soils, Eind the constitaent minerals are there- 
by destroyed, it is obvious that In the stady of soils a. 
knowledge of the nltimate chemical composition of rocks 
is of more immediate interest than an acquaintance with 
their mineral constitution. This latter point need not, 
therefore, be fiirther touched upon. 

The number of known minerals is aboat 600, of which 
not more than thirty enter as essential constitnente into 
the structure of rocks; and even of these thirty only a 
third play an important part. In minerals, the propor- 
tions of the constituent elements are definite and £zed, 
whereas, in rocks the component parts are indefinite and 
mixed in variable proportions. Different granites, for 
example, contain variable percentages of quartz, of felspar, 
and of mica. Hence, whilst the unmber of species of rocks 
is Tariously estimated at from 200 to 300, the number of 
varieties is exceedingly great. On the assumption that the 
solid crust of the earth consists, on the average, of a thick- 
ness of three miles of sedimentary strata and fifty-seven 
miles^of crystalline and igneous rocks, it has been estimated 
that, taken together, the relative proportion of the ten 
most abundant minerals is in this mass about as follows : — 

TlSLB T.— PbBCEHTASB UlHHUL GoUfOBlTIOH 0> TEE BoCEB OF 
IHB EjkBTH's CbDSI. 

1. Felspar 18 

a. Quart* 8S 

S. Mica 3 

4. Talo 6 

5. CarbonatM of lame aod UagneBia .... 1 

6. Amphibola (Hi>nibleii(]e)^ 
7- Pyroiece (Aogite) 
8. DuklUga 



11, 



Duuloga . . . t 
Peridot (Olivins) . ; 
Clay (in all its fomu) 



This table indicates that more than fonr-fifths of 
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tbe rocky material which constitutes the cmst of the 
earth conaists, probably, of felspar and quartz. The fel- 
epars are double silicates of alumina and of potash, or 
soda, or lima. Quartz is ailica, or oxide of ailicon, which 
is seen in a fairly pure form in the fiue sand of the sea- 
shore. The micas are silicates of alomina, and of potash 
or magnesia, usually with some oxide of iron. Talc ia 
a hydrated silicate of magnesia ; in other words, it is 
composed of silica, magnesia, and water. Hornblende, 
augite, and diallage are all silicates of magnesia, lime, 
and the protoxide of iron ; they may or may not contain 
alumina, manganese, etc. ; they differ from the felspars in 
that the alumina is to a greater or less degree replaced 
by iron oxides and magnesia. Olivine is a silicate of 
magnesia, iron, and manganese. 

In the earliest period of the earth's geological history, 
all the rocks were igneoos. Hard and indestructible as 
fluch rocks may appear to be in their unaltered state, they 
yet possess weaknesses of constitntion which cause them 
eventually to sncctunb to the influence of atmospheric 
agencies, and thus to decompose and disintegrate into 
Boft and yielding masses. As all the sedimentary or 
Stratified rocks are derived either from igneous rocks, or 
from other sedimentary rooks which are traceable back 
to those of igneous origin, it follows that the insoluble 
mineral ingredients of the aqueous rocks are identical 
with those of the igneous rocks. It is not difficult, there- 
fore, to trace back to the igneous rocks the materials com- 
posing the sedimentary strata. Hence it is that a stady 
of the prodacts of the natural decomposition of the igneous 
and metamorphic rocks is competent to throw a flood of 
light upon the constitution and the properties of the soils 
which it is the province of the agriculturist to cultivate. 
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It is possible to coostnict a chemical classification of 
rocks, that is, a grouping of rocks according to their 
chemical composition. Snch classification, though crade, 
has a direct bearing upon the stndy of soils. Oxides, for 
example, include quartzite, sand, and the arenaceous rocks 
generally. Carbonates are exemplified in the various lime- 
stones and clay-ironstones. Silicates comprise the great 
majority of rocks, including most of the igneoos and meta- 
morphic rocks, as well as the argillaceous rocks. When, 
by the process of weathering, these rocks are converted 
into soils, it is their chemical composition rather than their 
mineral constitation which will determine the character 
of the soils which resnlt. 

Although sixty-four simple bodies, or elements, are 
known to chemists, yet only eleven of these enter largely 
into the composition of the rocks forming the emst of the 
' earth. It is estimated that these eleven elementary sub- 
stances constitute ninety-nine out of every hundred parts 
of the earth's crust, and their approximate relative pro- 
portions are set forth in Table VI. : — 



Table VI.- 



Tht simple Elements tcith Oxygen 

separata. 
1. Oiygen .... I 
a. Silicon . . . . ] 

3. AlamiurnDt . . . : 

4. Colciam .... 
5- Magaesioia ... 

6. Sodium .... 

7. Fotaaranm 

8. Carbon ^ 
B. Iron ( . . . 

10. SnlpbiiT ( 

11. Chtorine ) 
13. Other bodiei . 



I ElBUENIS or TSB 

B. 

The same wifh the Oxygen tn com 
Una (ton. 
I. Silica . . . . BS-I 
II. Alnmian . . 19'l 

III. Lime .... 6*; 
IT. Hagneda . . . G'l 
V. Soda . . . . a-i 
TI. Potash . .a-' 

VII. Carbonic aoid 1 
VIII. Iron oiidas f . Z"! 

IX. Snlphniic acid { 
X. (Chlorides) } 
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THE DECAY OF IGNEOUS ROOKS. 

The moat abundant of all minerals is felspar. It enters 
into the composition of granite, gneiss, felstte, and many 
other rooks. Granite is often referred to as an example 
of that which is firm and massive ; and yet, even in such 
a hard rock as this is known to be, the felspar is a source 
of weakness rather than of strength. The reason of this 
is that felspar easily yields to the solvent influence of 
natoral waters. Though water which is chemically pure 
is not without a solvent action upon many substances, 
its solvent action is greatly enhanced, and the range of 
soluble substances increased, if the water contains carbonic 
acid gas (carbon dioxide, COj) dissolved in it. Natural 
waters all contain carbonic acid, which renders them, as 
they percolate through rock masses, the better competent 
to cany &wa,y certain substances in solution, and thus to 
weaken the fabric of the rock. Under the inflaence of 
rain and surface waters, then, the felspars are decomposed. 
The lime, or potash, or soda they contain is converted 
into a soluble carbonate which is carried away in the 
water, and the silica which is set free remains mostly as 
an impalpable powder. But felspars contain a large pro- 
portion of silicate of alumina, and this combination of 
silica and alumina being quite insoluble, forms with 
some of the water a white mealy powder, unctuous and 
plastic, which is also left behind. This material is kaolin, 
or china-clay ; it is described by chemists as a bydratcd 
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silicate of 
. kaolin is :- 



Tlie normal compoBition of pure 



W»*OT 1 



Ab a matter of fact, however, all diina-dayB contain, 
besides the definite hydrated silicate representing the 
typical kaolin, small portions of other ingredients present 
in the original rock. The percentage of silica may thus 
vary in different specimens from 46 to 60 ; of alumina, 
from 26 to 40 ; and of water, from 7 to 14. Small quan- 
tities of lime, magnesia, potash, soda, and iron-peroxide 
may or may not be present. 

The importance of kaolin is dne to the circumBtance 
that it forms the baais of all clays. Very pure kaolins 
are obtained from granite and pegmatite, and kaolin is 
also yielded by gneisses and porphyries. 

Other mineral silicates are equally susceptible with the 
felspars to the decomposing influence of natural waters. 
As some of these other silicates constitute so large a por- 
tion of certain igneous rocks, in which free quartz is 
generally absent, the whole mass disintegrates and de- 
composes. The normal composition of some of these other 
silicates is seen in Table Vii. : — 
Tabiih Tn. — CqbuicUi Comfosttior or Cbbtain MmEBiii Siuaiiaa 
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Their composition ahowa Uiat Bach rocks aa theao are 
competent to famicih not only kaolin, together with lime 
and magnesia, bnt also a large proportion of peroxide of 
iron, resnlting from the oxidation of the protoxide, vhilst 
a hydrated silicate of the protoxide of iron is formed aa 
another product of the alteration of the hornblendes and 
the angites. Thns it is that the widely disseminated per- 
oxides of iron and glanconite (silicate of iron), so abundant 
in many of the sedimentary strata, have originated. It is 
owing to the presence of these complex silicates, contain- 
ing lime, magnesia, and the metallic oxides, that diorite, 
diabase, melaphyre, and other basic rocks generally de- 
compose into green and brown clays. Great bodies of 
these rocks are also often converted into masBes of soft 
and decayed rock, of green, grey, red, or brown colonrs, 
formerly known onder the general name of wackS. 

Claystones are altered felspathio and porphyritic rocks. 
Serpentine yields magnesian clays, white or coloured, some- 
times containing as much as 33 per cent, of magnesia. 

Basalt, like the older greenstones, contains other silicates 
besides felspar, so that the decomposition of the horn- 
blende, angite, olivine, and other minerals in snch rocks 
liberates, in addition to the silica and alumina, proportions 
of lime, magnesia, iron, and manganese, which variously 
modify and colour the clays. The red clays of the Coal- 
measures and other strata much resemble in their compo- 
sition some of the basalt clays, and were probably derived 
from some similar older rocks. Table "Viii., on page 26, 
shows the composition of one of these red clays, and of 
two basalt clays. The latter may be compared with the 
analysis of uudecomposed basalt (Table m., page 17), 

Other basic volcanic rocks, such as dolerite and ande- 
site, are also liable to decompose, as, in a lesser degree, 
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are the tradiytlc lavas and Bcorita, which latter, however, 
give rise to light-coloured claTs, BOmetimeB as white as 
ohalh. According to Profeaaor Prestwich, " The village 
' BiBnca,' in the volcanic conntiy near Rome, derives its 
name from the whiteness of the soil produced by the 
kaolin resulting from the decomposition of trachytic 
cinders, just as peperino, which is a darker tufa, results 
from the decomposition of the ashes and cinders of basic 
lavas ; in both cases the decomposed mass has often been 

TiBLB Till.— Ceehicu. GoHFoaiiioH or Built and Bed Cuib. 
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subsequently solidified by the infiltration of calcareous or 
siliceous matter in solution." 

It is from the fact that all ordinaiy c^ys consist in the 
main of hydratedHilioftte of alumina, mixed with a portion 
of impalpabto free allies, together with imparities derived 
from the several associated minerals in which lime, mag- 
nesia, iron, manganese, etc., are present, that their origin 
is traced, directly or indirectly, to the decomposition of 
the older volcanic and plntonic rocks. 

U.gnrK.yG00^IC 



THE DECAY Of IQNEOUS ROCKS. 27 

Besides tlie insoluble reddaes set free by tlie decom- 
position of felspars and other ailioates whicK enter into 
the constitution of igneons rocks, tliere are the dissolved 
materials which are carried away in the surface ULd 
nndergroand waters. These consist partly of carbonates 
of potash, soda, lime, and magnesia, and partly of silica, 
either free or in combination. The alumina is not re- 
moved in solution, hence the apparent gain of this in- 
gredient in the insolable reaidnes. This is illustrated in 
Table IX., showing the analyses of a Cornish greenstone 
(probably a dolerite) before and after natural disintegra- 
tion. The third and fourth columns of figures are cal- 
culated on the assumption that the absolute quantity of 
alumina is the same both in the original and in the altered 
rock; in othw words, diat there has been no loss of 
alumina : — 
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In ^lis gTMBBtoBB, tfawfaw^ A» Ixdal has «£ siHm, 
lime, magnesia, potash, soda, iron oxide, and manganese 
amounted to 34 per cent, A similar comparison in the 
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case of a Bohemian basalt showed a correspoudmg losa of 

14 per cent. Serpeutiae in the coarse of decomposition 
allows the waters to cany away a great deal of its mag- 
nesia and most of its potash and soda. The greatest loss 
which the igneous rocks thas undergo is of their potash 
and soda ; then follow lime and magnesia ; and next silica 
and iron. The silica passes off for the moau part probably 
as a soluble silicate, and the other ingredients pass away 

15 carbonates. 

What becomes of the substances of which the igneons 
rocks are thns despoiled? .The waters carrying these 
materials in solntion find their way into the rivers, and 
thence into the sea. In that great aqneous reservoir, the 
lime, magnesia, silica and iron are for the most part either 
precipitated by chemical means, or separated from the 
water by the activity of living organisms. By the accu- 
. mulation on the ocean floor of the remains (shells, etc.) of 
these organisms are produced the various limestones, 
oolites, and other calcareous strata, as well as the deposits 
of diatomaceous earths and other aggregations of remains 
of siliceous organisms. 

As to the potash and soda, these remain dissolved in 
the water, save such small quantities as are taken up by 
sea-weeds, or they are retained in the insoluble residues 
of the igneous rocks by the remarkable absorbent power 
of alumina for these substances, especially for potash ; 
some of the potash and soda may, on the other hand, be 
left in the undecomposed portion of the felspars. 

It has been shown that the silicates which enter so 
largely into the constitution of igneous rocks decompose 
into certain soluble and insoluble products; the carbonates 
of potash, etc., being examples of the former, and haolin 
an example of the latter. There remains to be considered 



TSB DBOAY OF IGNEOUS MOOES. 29 

one otber, and a very important, ingredient of igneous 
rooks, namely, the free silica or quartz, wMcIi is specially 
noteworthy in the so-called acidic rocks. Taking granite, 
again, as a type of this class of rocks, it consists of a 
mixture of quartz and felspar in about equal proportions, 
together with 5 to 10 per cent, of mica. By the gradual 
decay of the felspar in the manner which has been de- 
scribed the whole granite mass loses its coherence, its 
&brio is irretrievably weakened ; and as the decomposed 
soft parts are gradually removed, that which is left behind 
crumbles down into a grit or gravel of quartz, spangled 
with flakes of mica. The longer this material is exposed 
to atmospheric agencies, the more completely are the resi- 
dual fragments of felspar dissolved and washed away, and 
the more exclusively arenaceous or sandy does the loose 
mass become. Exposed to the rolling action of the waves 
on a beach or shore-line, the siliceous particles are still 
farther reduced in size ; their angles and comers are worn 
away, and there will ultimately result the finely-divided 
uniform gravel which is known as sand. Such sand may, 
of course, be can'ied away by rivers, and deposited on the 
ocean floor, where it may get consolidated and cemented 
into a sandstone, to be subsequently upheaved, and again 
exposed to disintegratioa and denudation, thereby giving 
rise to a newer and a younger sandstone. But, directly or 
indirectly, sand and sandstone, like clay and limestone, 
are traceable back to the igneous rocks. Some sandstones 
are very pure (quartzose), others glitter with particles of 
mica (micaceous), and yet others are more or less clayey, 
owing to their still retaining fragments of felspar (fela- 
pathic). Some of the millatone-grits of South Derbyshire 
are made up of a quartz grit, with a very large proportion 
of rolled and worn grains of felspar; and near Angoulgme, 
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in fraace, a. Jurassic Bandstone coatains so much decom- 
posed felspar, that it is worked and vashed for china- 
clay. 

Where considerable areas of igneous rock are exposed 
at the earth's surface it is not ancommonly the case that 
these have nndergone extensive decomposition and dis- 
integration in situ, so that they become covered with the 
products of their own decay. This decay may extend 
downwards to a few feet only or to more than a hundred 
feet ; and it is veiy irregular in character, especially in 
the case of granite, some parts of the rock resisting de- 
composition more than others (fig. 4). In Coi-nwall the 




granite is so disintegrated that the country presents a 
surface of fine quartz grit or gravel ; in Aberdeenshire 
it is subject to very little change. In Auvergne there 
are granites which have decomposed to the depth of 
more than 100 feet. Those portions of granitic rock 
which resist decomposition more than others may event- 
ually be left exposed upon the surface ; thus arise the 
isolated " tors " so characteristic of the scenery of Dart> 
moor, the Land's End, and other granite districts, whilst 
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" rocking stones " are dae to the same cause. Popular 
notions as to the imperishable nature of granite are not 
borne out by fact ; and in drift beds of very recent 
geological date, while fragments of sandstone and even 
of limestone may he found unaltered, the harder granite 
pebbles are sometimes thoroughly disintegrated, and fall 
to pieces when moved. Moisture, or even a damp con- 
dition, is the great agent in effecting the decomposition 
of granite. Not alone the chemical action of water, bnt 
ica mechanical effect in freezing, has to be considered, 
and, in addition, mere changes of temperature weaken 
the rock, on account of the different rates of expansion 
of its constituent minerals. 

Some gneisses decompose into more or less pure kaolin 
clays, as is the case in-Anvergne and other parts oF 
Central France. At Bdo Janeiro the gneiss has yielded 
a reddish clay varying from a few inches to 100 feet 
deep. In Guerasey and Jersey syenites and diorites are 
disintegrated to a depth of 50 feet or more; and a con- 
siderable part of the north of the island of Aldemey 
consists of a thick bed of sand and fine gravel with 
boulders, all derived from the decomposition of the green- 
stone rock in situ. 

Serpentines and basalts are often decomposed to a 
considerable depth, in the former case giving rise to an 
unctnous clay with veins of silica and carbonate of 
magnesia, and in the latter to an impure ferruginous 
clay which may become light-coloured as the iron gets 
carried away in solution. Schistose rocks are sometimes 
covered by a depth of marl or clay which has resulted 
from their decay. 

The great fact to grasp is — and it is well to repeat it— 
that all the constituents of sedimentary rocks can be 
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traced back to igneous rocks. The mdestmctible quarts 
forma the base of the sandetones ; the silicates, partica- 
larly those in the felspars, form the basis of all clays ; 
lime combined with carbonic acid affords the material of 
the calcareous strata. 
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SAND. 

Sand-beds is the nftme giyan to loose aggregates of 
grains of ctnartz, often witK minnte plates of mica, taid 
sometimes with green particles of glanconite. Sach beds 
are seen in the Bagshot sands, the Thanet sands, and the 
sands of Beigate and Hindhead. They are frequently 
slightly oolonred by the peroxides of iron and manganese. 
Excepting, perhaps, volcanic ashes, no class of rock is 
80 much the sport of the winds as sand. Dunes are 
formed by the drifting inland of the sands on exposed 
shores, the land-surface — with its vegetation, buildings, 
and farms — being overwhelmed. On the Norfolk coast 
the wind has formed sandhills 50 to 60 feet high, and 
the same is the case on the Cornwall coast. The coasts 
of Carnarvon and Lancashire afford other examples of 
the same kind, and many snoh are to be seen along the 
Irish and Scotch coast-lines. A celebrated case is that 
of the Xiandes on the coast of France, between Bordeaux 
and Bayonne, where the sea throws up annually 5,000,000 
cubic metres of sand along a coast-line more than 100 
miles in length. These dunes have an average width of 
three miles, and are advancing inland at the rate of about 
8 to 6 feet annually. When much calcareous shell-sand 
is present in dunes, the percolation of rain-water with 
its dissolved carbonic acid cements the sand into a rock 
hard enough to be used as a bnilding-stone. The rain- 
water alternately dissolves a little of the lime «ad on 
*• , ,-" I 
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evaporation re^eposits it as a thin crust cementing the 
grains of sand together. Sand dunes stretch for mors 
than 200 miles along the coast of Denmark, and form 
hillocks from 30 to 100 feet high. The sand-dimes on the 
coast of Holland attain an average height of 50 to 60 
feet. 

The borders of large lakes and aHava seas are some- 
times invaded by these shifting sands. On the sDuth-eat>t 
shores of Lake Michigan sand-dnnes of 100 feet to 200 
feet in height have entombed large forest areas. The 
dnnes of the eastern shores of the Caspian Sea spread 
across the desert region between that sea and the Sea 
of Aral, Vast arid wastes of loose sand exist even in 
the interior of continents. The immense desert of the 
Sahara is probably in great part a modem sea-bottom 
which has been npheaved and dried. Great sand wastes 
exist on the steppes of southern Bussia and the adjacent 
regions. Vast deserts of sand occupy some parte of the 
interior of Anstralia, The sandy deserts of the elevated 
table-lands of western North America, which have never 
been beneath the sea for a long series of geological ages, 
owe their formation almost entirely to the effects of 
atmospheric disintegration. The sand-hiUs of Wyoming 
territory cover an area of about 20,000 square miles on 
both sides of the Niobrara river. The loose moving sand 
is blown into round dome-shaped hills, and the strong 
winds fill the air with a storm of sand, and throw up the 
surface into graceful wave-like furrows. Though the 
hills are barren, there is a scanty grasi^ vegetation in 
the intervals. These sandhills form but a portion of the 
"bad lands," the name given to considerable areas of a 
region which extends over portions of the States of 
Nebraska, Colorado, Wyoming, and TJtah, between the 
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l&titade oi Santa ¥i (36° N.) and tkat of Oliejennd (11^" 
S.\ and between the meridians of 99° and 111° W. 

According to the United States geologista : — 

"In the arid region of the weetem portion of the 
United States, there are certain tracts of coantry which 
have received the name of mauvaises terres, or bad lands 
These are dreary wastes — nahed hills, with rounded or 
conical forms, composed of sand, sandy clays, or fine frag- 
ments of shaly rocks, with steep slopes ; and, yielding to 
the pressure of the foot, they are climbed only by the 
greatest toil, and it is a labour of no inconsiderable magni' 
tnde to penetrate or cross such a district of country. 

" The vast plains to the west of Cheyenne are covered 
with the drab-yellow and light-grey sands, marls, and 
clays of the great freshwater lake deposit, known as the 
' bad lands.' " 

In describing the superficial deposits of Nebraska, 
Aughey obeerres that the bad lands do not really belong 
to the surface deposits, as they constitute a peculiar 
formation, where most of the soil capable of being cnlti- 
vated has been removed by denudation. They belong to 
what Hayden caUa the White River group of Tertiary 
rocks, and are believed to be of Miocene age. The ma- 
terials of the deposita are white and yellowish indurated 
clays, sands, and marls, with occasional thin beds of lime 
and sandstones. " The geologist never tires of investigat- 
ing thrae deposits and their curious remains. The almost 
vertical sections of variously- coloured rock have been 
chiselled by water agencies into unique forms. Indeed, 
viewed from a short distance, they remind the explorer of 
one of those old cities which only eshibit their ruins as re- 
minders of their ancient greatness. Among these grand 
desolations, the weird, wild old stories of witchery appear 

litgiVB -.Cookie 
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plausible and possible It is in the deep caiLona at the 
foot of Btair-like projections that the earliest of those 
wonderful fossil treasures are foond which have done so 
mach to revolutionize our notions of the progress of life 
and of Tertiary times." " Agriculture in such a. region ss 
this," it is added, " where often nothing is now growing, 
is, of course, out of the question. Whether there ever 
will be such an increased rainfall as to start vegetation in 
tia§ region and make its surface capable of cultivation, is 
a problem of the future." 

Even in the middle of England, a fine, dry sand, 
yielded by the weath'ering of the New Red Sandstone 
(Triassio), is sometimes heaped up into small dunes. 

As a soil, pure sand alone would be useless, both physi- 
cally and chentically. Consisting as it does of hard 
minute granules, it is necessarily very porous, and is 
therefore not retentive of moisture, go that a few days' 
sunshine would render it dry and arid. Then, again, as 
the particles have no mutual cohesion, they would easily 
become the sport of the wind, so that even supposing a 
plant to be growing on pure sand, it would have no grip 
or hold on the soil, unless it jjossessedvery long straggling 
roots like those of some of the seashore grasses. From 
the chemical side, the objections to a soil of sand are even 
more serious, for it could- offer the plant nothing in the 
shape of essential food. Yet, notwithstanding these draw- 
backs, sand, as a conetU^ient of soils, confers on them two 
important properties : it riders them light, and there- 
fore permeable to air, moisture, and warmth j and it also 
i concentrates find stores up the solar heat. 
An interesting case of a soil of -almost pure sand is 
under consideration at the present time in the Pine 
Barrens of the State of Michigan, where a considerable 



- SAND. 37 

area ie in process of Teclamation. A large portion of the 
lands in the northern half of the lower peninanla Vhich 
lies between Lake Huron and Lake Michigan, is composed 
of a light sand which has the reputation of heing infertile. 
Eepeated attempte to bring these lands nnder successful 
Cultivation have either failed altogether or have been 
attended with snch little snccess as to disconrage settle- 
ment. The area inTolved is from 6,000 to 10,000 square 
miles. At pi-esent, therefore, a region as large as the 
cultivated portion of the Valley of the Nile, which {or 
thonsanda of years has supported a population of six 
millions, and was for centuries the granary of the Roman 
empire, is left in what seems to be hopeless sterility. 
But, throngh the public enterprise of the State, steps are 
being taken to redeem this immense area, and to fit it 
for agricultural occupation. Five experimental stations 
have been established, and at these various trials are in 
progress, some of which are likely to prove successful. 
Two great difficulties to he met are, that frosts come 
late in the spring and early in the fall, and that there 
is but little vegetable matter in the soil. The latter has, 
in some localities, been burnt ; in others, notably where 
the pine has grown almost exclusively, very little vege- 
table matter has accumulated. Although it has been 
proved that the soil responds readily to manure and other 
fertilizers, yet, as so large an area has to be dealt with, 
the first step is to find a grass that will grow in snch 
a soil and situation, and thereby increase the fertility, 
both from the soil itself and from the atmosphere. 
Grasses, likely to prove suitable, are being introduced 
from all parts ot the world; and if one or more species are 
indicated by the experimental results to- be adapted to 
the region, they will be sown. The crop will famish £)od 
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for stock, and the hardest part of the problem will thus 
be solved, as it will then be rendered possible to gradually 
bring the land into condition. 

Sandstone is a rock consisting of consolidated Band. 
The colours of sandstones are due, not so much to the 
qnartz particles of which they in the main consist, as to 
the film or cmst which often coats these fragments and 
bolds them together as a cement. Iron, which forms the 
basis of most pigments of rocks, gives rise to red, brown, 
yellow, and green hues, according to its degree of oxida- 
tion and hydration. Ordinary sandstones are generally 
soft, often friable, and permeable to water, though, when 
tJie cementing material is siliceous, they pass into hard, 
impermeable sandstones and quartzites. In this latter 
form they are distinguished as siliceous sandstones ; and 
the "grey wethers" of Wiltshire and adjacent districts 
afford examples. Very siliceoos sandstones with a close 
even grain, are called cask, cankstone, or galliard stone. 
If the grains of ciaartz are cemented together by carbonate 
of lime, a calcareous sandstone is the result, the Kentish 
Bag being an example. Sometimes grains of felspar, more 
or less decomposed, are interspersed through the rock, 
which is then called a felspathic sandstone ; examples are 
afforded by the Millstone Grit, and by many sandstones 
near granitic regions. An argillaceous sandstone is one 
in which the quartz grains are mixed with clay, and 
which emits an earthysmell when breathed upon; examples 
occur in the Coal Measures and the New Ited Sandstone. 
When the particles are cemented together by the per- 
oxide of iron, a red, yellow, or brown ferruginous sand- 
stone is the result ; the carstone of Cambridgeshire and 
Lincolnshire, and some of the Wealden sandstones, afford 
Examples. _Oreen sandstones, as in the ¥pper Qreensand, 
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owe their colour to the preeence of grains of dark greea 
glaaconite (silicate of iron). The French name, gaize, 
has been applied to a eandBtone, the matrix of which is 
soluble silica (so called from its being dissolTod by a boil- 
ing solntdon of potash), which has been precipitated as an 
impalpable whit« powder ; it is particnlarl; abundant in 
t}ie Upper Gre^isand, being present in some beds to the 
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extent of from 40 to 70 per cent. Flagstones are hard 
sandstones which, owing to the presence of mica or other 
sabstonces, split along the planes of stratification into thin 
beds or flags ; it the mica is very noticeable, the rock is a 
micaceons sandstone (called " takes " in Scotland). In a 
sandstone grit, the grains of quartz are larger than usual; 
or there may be an admixture of small pebbles, as in por- 
tions of the Hillstone Orit. Conglomerates or pudding- 
stones consist of pebbles of various sizes c^nented together 
by a oaloareoos, argillaceous, siliceous, or fermginous 
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matrix ; examples are afforded in the conglomerates of the' 
Old Ked and New Eed Sandstones, and in the Lower 
Tertiary paddingstones of Hertfordshire. If l^e included 
fragments are angular instead of rounded (waterwom) 
the rock is called a breccia; examples are seen in the 
Permian strata. 

Superficial detrital beds of recent origin are known as 
loess, gravel, and shingle. Loess, or brick-earth, is a light- 
brown or reddish loam, sometimes enclosing small calca- 
reous concretions called " race." The brick-earths of the 
Lower Thames and Medway valleys, and the loess of the 
Bhine, are examples. Gravel is a loose aggregation of 
rocky fragments, rounded or somewhat angular, imbedded 
in a matrix of finer material, incoherent, and derived from 
the same source as the larger stones. When a gravel 
becomes cemented into a solid rock it forms a conglo- 
merate. Shingle is the name given to the more rounded 
rock-fragments found od shores and shoals. 
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CLAY. 

Clays Eire described as hydrated silicates of alumina, 
that ia, compoimda of alumina, silica, and water. ATimninn 
may, therefore, be regarded as forming the basis of all 
clays; and it confers npon them some of their most 
distinctive properties. These soft rocks may or may 
not also contain a variable qnantity of free silica. As Is 
well known, they have the property of becoming plastic 
when mixed with water, and of hardening when exposed 
to fire. As a matter of fact, it is the combined water 
which gives to clay its plasticity, for if this be driven 
off by heat the clay is no longer plastic. Hence, although 
powdered brick will absorb a great deal of water, it is 
impossible thereby to raider it again plastic, because 
this absorbed water does not enter into chemical com- 
bination. The dark bluish-grey colour which so many 
clays possess is due to the diffdsion throughout their 
mass of oxide or sulphide of iron, or of organic carbona- 
ceous matter. Other colours, such as red, purple, yellow, 
and green, arise from the presence of the peroxide and 
protoxide of iron. Eiocks that contain clay te any appre- 
ciable extent emit a characteristic earthy smell when 
breathed npon. Some clays are more or less calcareonSf 
owing to the presence of carbonate of lime. By a process 
of segregation roondish masses of impure carbonate ot 
lime, called septaria, or cement-stones, arise in snch days ; 
when broken across, the septaria reveal a mass of clayeV 
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matter subdivided by limestone partings (septa). By a 
similar process crystals of tbe soft mineral Balphate of 
lime (Belenite) are formed. Clay ironstone and iron 
pyrites may also occor as segregated masses in clayey 
rocks or shales. 

The clays to vhich reference has just been made are 
those whose basis consists of kaolin, the origin of which 
has already been described. There is, however, another 
<^yey snbstance, which coasiBts of felspar reduced to a 
very fine powder, but not chemically decomp(»ied. It 
poBseBBes many of the charaoteristio properties of ordinary 
day, and is so finely divided that when mixed with water 
it may take days for the whole of it to settle at the bottom. 
It is asnally less plastic than kaolin, and differs from the 
latter in being anhydrous, that is, it contains no chemi- 
cally combined water. And whereas kaolin Is a simple 
silicate of alumina, the insoluble residue of the chemical 
disintegration of febpar, this felspathic mud, as it is 
termed, has practically the some chemical composition as 
felspar, having been produced by the mechanical disinte- 
gration of that mineral. Hence, argillaceous rocks may 
be regarded as (1) clays proper, in which kaolin pre- 
dominates; (2) mudstoaes, in which felspathic mud pre- 
dominates. In both there may be admixtures of other 
enbstances. As might be expected, there exist all kinds 
of gradations between kaolin on the one hand and fels- 
pathic mud on the other. 

Many modifications of clay exist. Fipe-clay is a white 
pure clay which shrinks considerably in heating. Pot~ 
clay is an impure china-clay which can be moulded and 
heated into a coarse coloored ware. Brick-clay is of a 
still coarser nature, the finer Tarieti«i of which, consist- 
ing of a very finely divided and intimate micture of clay 
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and Baud, are called brick-earth. Fire clays are those 
whicli can ondergo intense beat withont melting. Fuller's- 
earth is the name given to a clay which contains such an 
excess of silica aa, instead of being plastic, to fall to a 
fine powder in water. Loam is clay mixed with fine sand, 
the latter being present in snoh proportions as to permit 
of water percolating throogh the mass aiid to prevent its 
binding together. The grey or light-brown colonr of 
many loams is dne to the presence of a small quantity of 
peroxide of iron. Brick-earth is a good example of loam. 
Shale is the name given to clay and marl more or less 
hardened and laminated in the plane of its deposition, 
and which therefore splits into layers along the planes of 
bedding. The shaly character is promoted by the presence 
of accidental minerals, snch as mica, of sand, and of car- 
bonaceous and bitaminons matter ; micaceons and car- 
bonaceons shales are thos produced. The shales of the 
Coal Afeagures and of the Kimmeridge Clay are familiar 
examples. Miners apply to shales such terms as bind, 
bine-bind, plate, and shiver. If shales contain enough 
iron pyrites to be used for the manufacture of alum, they 
are called alnm shales. The presence of a considerable 
quantity of sand constitutes sandy shale, or stone bind, or 
rock bind. Shales stained dark by vegetable matter art! 
called carbonaceons shale, bass, or batt. Harl is a clay 
containing a considerable proportion of carbonate of lime, 
bat yet retaining its soft plastic character. If the marl 
splits into plates, it is called calcareons shale, or marl 
slate. When it is indurated or hardened it becomes a 
marlst^ne, and cromblee .tQ pieces on exposure to the 
weather. As the proportion of lime increases, the rock 
passes into argillaceons limestone, and then into pnre 
limestone. The greater -the: proportion of carbonate of 
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lime present, tlie more Bolable is the rock in dilute hydro- 
chloric acid. Examples of marls are afforded ia the Chalk 
Marl and the Liae Marlstoue. 
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From a chemical point of view, pure clay woiJd be as 
nselese as pare sand as a source of plant food ; but clays 
are always more or less impnre, and the impurities pre- 
sent usually contain elements, such as potassium, iron, 
calcium, and magnesium, which play an important part in 
the nutrition of plants. The physical properties of clay 
are, in many cases, the reverse of those of sand. Sand is 
loose and incoherent, clay is firm, plastic, and tenacious ; 
sand rapidly loses moisture, clay is very retentive of it ; 
sand will easily become hot and dry, whereas clay re- 
mains cool, and ia well able to resist a drought. It ap- 
pears, then, that a soil consisting entirely of clay would 
be very firm, cold, and damp, and if exposed to much rain 
the surface would become muddy, owing to the moisture 
not draining away. As one of the constituents of a soil, 
however, clay is found to possess many valuable proper- 
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ties, Thnfl, it condenses the oxygen of the air ; retains 
water, thereby keeping the soil moiat ; gives tenacity to 
the soil, preserves the nsehil products oi decomposition 
of manares, and is rich in alkaline salts adapted to snpply 
plants with food. 

It has heeai stated on the preceding page that clay is 
firm, plastic, and tenacions. As a matter of fact, the 
tenacity of stiff or heavy soils arises from the presence of 
clay and fine silt. Clay, in its ph3rsic&l constitntion, may 
be compared with glaziers' putty, the cementing or bind- 
ing property of clay being dne to the presence of a colloid 
substance {ko'XXo, glne), the quantity of which probably 
seldom or never exceeds 2 per cent. The Bo-called coagu- 
lation of clay, such as is effected by frost, is attributed to 
the removal of water from the colloid material, as a result 
of which it shrinks, its cementing capacity thereby being 
lessened. Various chemical salts, notably salts of lime, 
will coagulate clay. Distilled water will hold colloid clay 
in suspension for an indefinite time, but it will be pre' 
cipitated at once on adding a few drops of solution of a 
salt of lime. Similarly, by applying lime or chalk to a 
clay soil its tenacity is lessened and ita perviousness 
increased, whilst it becomes more free-working. On the 
other hand, nncoagulated clay is Sticky, scarcely perme- 
able to water, and incapable of being bronght into a con- 
dition of fine tilth. 

Clay burning, in the rare oases in which it is resorted 
to, involves a complete loss of such nitrogen as the soil 
may contain. The burning is better effected at a low 
than at a high temperature, though at a considerable heat 
the lime which may be present will set free some of the 
potash in the insoluble silicates. After burning, the 
heaps are spread ont on the land and ploughed in, thereby 
imparting to the soil a better texture. .- r . 



LIMESTONE. 

LiUEBTONES, in their purest form, oonsist almoBt entirely 
of carbonate of lime. As a role, they are impure, and 
often coloured by iron and organic matter. Sir A. GeiH© 
deecribea them as " essentially a mass of calciam carbo- 
nate, sometimes nearly pore, and entirely, or almost en- 
tirely, soluble in hydrochloric acid, eometimes loaded with 
sand, clay, or other intermixture. Few rocks vary more 
in texture and composition. It may be a hard, flinty, 
close-grained mass, breaking with a splintery or conchoi- 
dal fracture; or a crystalline rock built up of fine (^ystals 
of calcite and resembling loaf-sugar in colour and texture; 
or a dull, earthy, friable, chalk-like deposit; or a com- 
pact, masffl.ve, finely granular rock resembling a close- 
grained sandstone or freestone. The colours, too, vary 
extensively, the most common being shades of blue-grey 
and cream-colour passing into white. Some limestones 
are highly silioeons, the calcareous matter having been 
accompanied with silica in the act of deposition ; others are 
ai^^acaous, sandy, ferruginous, dolomitic, or bituminous." 
Chalk is an earthy, nearly pure carbonate of lime, 
forming a soft white rock which soils the fingers; the 
more clayey varieties are called chalk marl. The oolitic 
limestones are calcareous freestones in which the carbo- 
nate of lime has the form of rounded grains, like the roe 
of a fish, embedded in a more or lesa pure calcareous 
matrix. Crystals and veins of calcite are often enclosed 
" ,- r 
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in these rocka, aud the Portland oolite contains layers of 
dark chert. When the grains in an oolite are as large as 
peag, the rock is called a pisolite,^ examples of which 
occur in the Inferior Oolite. A siliceous limestone is, as 
the name implies, a limestone intimately mixed with silica 
(soluble). It is very hard, and usually light-coloured; 
some of the beds of the Carboniferous Limestone are of 
this character. An hydraulic limestone is one into the 
composition of which silica and alumina (and sometimes 
magnesia) enter, in the proportion of from 20 to 85 per 
cent., yielding a lime that has the property of setting 
Tablk XIH Chiuicil CoMCoatnoN or Certain LiuKaTOHBB. 
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under water; the septaria of the London and Eimmeridge 
Clays, and some of the Lias limestones, afford examples. 
Dolomite, when pure, forms a light-coloured rock, consist- 
ing of a definite combination of 54 parts of carbonate of 
lime and 46 parts of carbonate of magnesia. When vari- 
able proportions of carbonate of magnesia are present, the 
rocks are termed magnesian limestones. Though not easy 
to distinguish from ordinary limestones, they are harder, 
denser, often gritty to the touch, and dissolve only slowly 
in dilute acids. 
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As a soil constituent, it ia only in the pnlverized state 
that limestone plays an important part ; when in the form 
of gravel it behave^Jike other granular pieces of rock. 
Pulverized limestone haa two useful agricaltural proper- 
ties : it furnishes plants with ■ mineral manures in the 
phosphates and sulphates of lime and potash which are 
usually present as impurities, and it aids the decomposi- 
tion of organic manures, such as farmyard and green 
manure. 

Colour of Soils. — The causes of the different colours 
of soils may be to some extent explained by noticing how 
variations of colour arise in the stratified rocka. It is a 
matter of common observation that rocks, originally grey 
or blue, are changed to light yellow, red, or brown, 
Ochreous and sometimes blackish beds become white, and 
dark greens pass into browns and reds. Such changes are 
due to the oxidation of the metallic bases through the 
agency of air and moisture, and to deoxidation (or reduc- 
tion) hy organic matter. The grey clayey limestones or 
marls of the Lias, or Kimmeridge, for example, absorb mois- 
ture and become light-yellow or brown for some distance 
from the lines of joint and bedding. The explanation is, 
' that almost all these argillaceous limestones owe their 
bluish-grey colour to the diffusion through their mass of a 
smaU quantity of iron pyrites (bisulphide of iron), or of 
some carbonaceous matter. Exposed to the influences of 
air and moisture, the bisulphide of iron is oxidized into 
the sulphate of the protoxide of iron (ferrous sulphate) ; 
by a further change the sulphuric acid unites with some 
of the earthy or alkaline bases (alumina, lime, magnesia, 
etc.) present, and the protoxide becomes a hydrated per- 
oxide of iron. The rock therefore loses the dark colour, 
and retains only the slight tinge due to the presence of 

X 



50 SOILS AND THEJR PkOPEB.TIEli. 

the iron-peroxide. When the colouring is due to organic 
or carbonaceous matter tMs material gets slowly oxid- 
ized. Th« organic colouring matter may tlms become 
completely deatroyed, the carbonic acid which TCSultB 
being carried away in the percolating waters. Rich cul- 
tivated soils retain their dark colonr because they are 
furnished with an abundant supply of organic matter. 

The presence of minerals with a base of iron-pro toside, 
such as exists in glauconite (silicate of iron), gives some 
rooks a deep bright-green colour. On espoaure, decompo- 
sition sets in, the silica being set free, and the iron, taking 
up water and an additional portion of oxygen, is converted 
into a hydrated peroxide. Consequently the rock loses 
its green colour, and passes to yellowish brown, or fer- 
ruginous, as may be seen in the soils of the Upper and 
Lower Green sand. 

Argillaceous beds, such as the London, Kimmeridge, 
and Oxford Clays, generally contain concretions of iron 
pyrites, which, when exposed to the air, become oxidized, 
lirst into the sulphate, and then into the brown hydrated 
oxide. To the decomposition of another small portion of 
iron sulphide dispersed through such strata is due the 
change which commonly takes place in the London and 
other clays, from dark bluish-grey at depths, to a light 
burnt-umber-brown near the surface. 

Bleached gravels, such as may be seen in the New 
Porest of Hampshire, owe their original light ochreous 
colour to the presence of peroxide of iron. The small 
amount of organic matt«r from the overlying peat or 
heather, carried down in the rain-water, reduces the per- 
oxide of iron to a protoxide, which the free carbonic acid 
present converts into a carbonate ; this salt, being 
soluble, is removed by the same surface waters, leaving 
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the upper part of the gravel coloiirleaa, sometimeB quite 
white. Sands nnderlyiug beds of peat are often com- 
pletely bleached in this way ; and the same process is of 

commoa occurrence in alluvial deposits. 
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THE SOUEOES OF LOSS AND OF GAIN 
TO THE SOIL. 

The soil is ever cliangiiig. It is continnally loamg 
matter, and ae constantly gaining; new matter. Thie is as 
true of imcaltiTated Boils as of those which are nnder 
tillage, though in &n enhanced degree of the latter. 
Every change of temperatore that affects it, every frost 
that dismpts its particles, every shower of nun that soaks 
into its interstices, and every corrent of air that blows 
over its surface — each does its work in redncing the soil 
to a finer mechanical condition, whilst the waters that 
drain away from it are charged with particles held in sus- 
pension, and with other materialB which have passed into 
flolntion. 

In Table XIV. is shown the proportion (in parts by 
weight) of dissolved substances in 100,000 parts of 
different river waters. 
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The quantity of material, whether in snapension or in 
eolation, carried down by a river, will depend very largely 
upon the nature of the surface over which the water Sows. 
The Dee, in Aberdeenshire, flowing over granites and 
slates, which are hard, contains abont one-tenth the pro- 
portion of dissolved matter of the Thames or the Seine, 
each flowing over soft calcareous and argillaceoua strata. 
Conversely, it may be inferred that when a stream is very 
mnddy, it comes from soft rocks, easily worn away, and 
that when its waters are bright and clear, they are osoally 
derived from harder strata, and often from igneous or 
metamorphio rocks. 

The quantity of dissolved matter — of material quite 
invisible to the eye— carried away by some rivers is 
enormous, as is well shown in the case of the Thames. 
This river derives its solnble salts chiefiy from the Oolites 
and Chalk of Gloucestershire, Oxfordshire, and Berkshire. 
It is calculated that the mean daily flow of water in the 
Thames past Kingston is 1250 million gallons, which con- 
tains Id grains of dissolved mineral matter per gallon, 
representing a discharge of 1614 tons per 24 hours, 
or upwards of half a million tons of dissolved mineral 
matter in the year. About two-thirds of this is carbonate 
of lime. The Bhine contains a smaller proportion of car- 
bonate of lime than the Thames ; but it is a more volu- 
minous river, and it is estimated that the carbonate of 
lime carried to the sea in solution in the Bhine vrater, in 
a year, would be sufficient to supply material for the shells 
of 332,539 millions of oysters. 

River sediment contains little or no carbonate of lime 
(this being in solution in the water), but consists chiefly 
of silica, alumina, and peroxide of iron, with magnesia and 
organic matter. The composition of the silt of the Rhine, 
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the Loire, imd the Nile, as Bhown in Table XY., will snf- 
fidently illnatrate this point. 

TuoM XT. — OsBiaaiL Ookfobitioh o* Bitxb Silt. 
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Besides the physical agencies which break up the soil, 
the activity of living agents mast also be noticed. The 
presence of dead and decaying organic matter— the re- 
mains of animals and plants — gi-res rise to an important 
series of organic acids which have a considerable solvent 
effect upon the miner^ matter of the soil. The extension 
of the roots of plants through the soil aids in opening it up 
to the passage of air and water ; and in many cases marked 
mechanical effects are produced by the growth of roots. 
Amongst the animal agents which help to disintegrate 
the soil, the common earthworm stands first ; whilst the 
action of moles and other bnrrowing animals, and even 
of ante, is by no means insignificant. But though many 
agencies are at work promoting the breahing-up of the 
soil, there is one great agent which acts as the vehicle 
whereby the disintegrated soil is removed, and that is 
water. It is true that in some districts, and in certain 
circuioBtancee, the wind is a great vehicle of transport ; 
but, judged, by the magnitude of the work dtme, watw is 
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eaaily pre-eminent in tliis respect. On alopmg grooud, the 
transporting effects of water and wind are obviouflly aided 
by the force of gravitation, which causes loose particles to 
continuously roll down to lower levels. In soils capable of 
sostaining vegetation, and particularly in all cnltiv&ted 
soils, the fact that the <avp itself is a constant source of 
loss to the soil is easily proved by burning the plants and 
analysing the ashes, the mineral ingredients of which are 
foimd to be identical with some of tiie mineral substances 
of the soil. 

But, if soils were subjected exclusively to continuous 
loss, they vonld grow less and less, and in time disappear. 
This, however, does not happmi, becanse, whilst the soil is 
losing material on the one band, it is gaining material on 
the other. The sources of gain are primarily those which 
exist in the rock from the disintegration of which the soil 
originally came into existence. In tbe case of a local or 
iudigenons soil every gradation may be seen between the 
free-working sorface-soil at the top, and the hard on- 
weathered bed-rock at variable distances beneath. Wlier- 
ever water can penetrate the rock must suffer ; and when 
it is remembered that soil water is dmrged with carbonic 
acid and oxygen gas, and that it contains in solati<Mi or- 
ganic adds, deiiTed from the decay of plants and animals 
in tite soil, hs solvent powers will the more readily be re- 
eognised. Hence the same agent which is busily occupied 
in promoting &a removal of the finer particles of soil is 
equally active in recnperatdng the soil firom the rooky 
matter underlying it, or from the atones which may be in- 
corporated with it. Consequently the soil really represents 
maeriy a transition stage between the rock which is the 
parent of the soil and the finely-divided or dissolved matter 
which is most nsually carried away in the waters that 
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drain from the soil, or is exported from the soil in the form 
of crops. Like a river, the soil is always moving on, the 
difference between the two being only one of degree. The 

TlSLI XVI. — OBOf B>BII>USB FIB ACBI. 
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soil which a field carries to-day is not identically the same 
as that which covered it a year ago ; and though some of 
the same partidee may still be there, many, on the other 
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hand, will have gone beyond recall. The remaina of plants, 
and particularly the roots, which accumulate in the soil, 
are a definite source of gain, and serve to confer, especially 
upon the Horface-soil, some important characters. 

The manorial value of crop-refuse is often great. In 
Table XVI., page 66, are recorded the resulta of experi- 
ments made in England, the United States, and Germany, 
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with the object of det«rmlmng the qoantity of roots and 
stnbble, and of valuable fertilising ingredients contained 
by these, per acre. 

Additional eridenoe on this poiat is afforded in Table 
XVn., quoted from a paper on the history of a field newly 
laid down to permanent grass, contributed by Sir John 
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Laves to tke " Journal of the Royal Agricaltnral Society," 
18S9. This field had been in grass for nearly thirty 
years. The proportion of stones is decidedly high, being 
laiger than that detemuned in any other anrface Boil of 
the fiothamstod experimental arable fields. The average 
amount of nitrogen in the 9 inches' depth of surface soil 
referred to in the Table was 0*2041 per cent, in 1879, and 
0*2114 per cent, in 1888,— equivalent to 4,097 lb. per 
aora in 1879, and 4,604 lb. per acre in 1888. Taking the 
air-dried roots by themselves, the 11,561 lb. of roots per 
acre recorded for 1879 yielded 0-767 per cent, of nitrogen, 
equivalent to 883 lb. per acre ; whilst the 10,400 lb. of 
roots per acre recorded for 1888 gave 0"76 per cent, of 
nitrogen, equivalent to 779 lb. per acre. 

The intentional applicatioc, in the course of tillage, of 
natural manures and artificial fertilizers, is an obvious 
addition of material to the soil from which very significant 
results have ensued. The winds, which rob the enrface of 
a dusty field, are not for ever on the side of loss, for much 
of the finely.divided material &ey carry from one place 
they deposit in another. Nor do the rains come, as it were, 
empty-handed ; for rain-water, as it falls upon tite land, 
though " soft," is by no means " pure." 
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RAIN AS A SOURCE OF GAIN TO THE 
SOIL. 

The composition of rain-water has been made the 
subject of very thorough research at Eothamsted, and 
the results have been embodied in an elaborate memoir 
contributed by Sir John Lawes, Dr. Gilbert, and Mr. 
Warington to the Journal of the Soyal Agricultural 
Society (1881 and 1882). As the rain condenses and 
falls through the air it dissolves certain gases which 
are present. In rain-water collected in the country 
nitrogen and oxygen are the chief gases dissolved, to- 
gether with a email quantity of carbonic add and a still 
smaller amount of carbonate of ammonium. The rain 
further contains certain solid substances gathered in the 
course of its descent. Some of these, as the chlorides, 
sulphates, and nitrates of sodium, calcium, and am- 
monium, are dissolved by the rain ; otbers, as particles 
of dust and soot, are merely mechanically held, and give 
to rain-water its usually dirty appearance. As a rule 
these various substances are present only in very minute 
quantity. Table XVlll. gives some interesting details 
concerning the composition of run-water collected at 
Eothamsted. It indicates that nitrogen may occur in 
rain in the forms of nitrates, nitrites, ammonia, and 
organic matter. The carbon and nitrogen in the orgmic 
matter represent the soluble matter extracted by the rain 
from the organic dnst with which it has come in contact 
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in the atmosphere, or on the surface of the collecting . 
vessels. The mean proportion of nitrogen to carbon is 
1 : 4-8 (0-19 to 0-90), bo ^t the organic matter diesolved 
in rain is of a decidedl; nitrogenous character. The 
chlorine of rain-water is due to the presence of common 
salt. It will be seen that the total solid matter disBolved 
in rain-water is considerably greater than the snm of the 
constituents mentioned in the table ; the remaining 
matter is made up partly of sulphates, which form a large 
ingredient of rain-water. 
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* The mean oF 84 samplea. 

Inafflnuch as devr and hoar-frost are also sources of soil- 
moisture, the composition of several samples, likewise col- 
lected at Bothamsted, is given in Table XIX. The figures 
recorded serve to indicate that these small deposits, con- 
densed irom the lower etratnm of the atmosphere, contain 
on an average three or four times the amount of organio 
carbon, organic nitrogen, ammonia, and nitric acid, found 
in the analyses of rain-water. The total quantity of solid 
matter, and the amount of chlorides, is also larger, but 
tile difference is much smaller than in the case of the 
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other ingredients. The mean pioportion of organic 
nitrogen to carbon is 1 : 3'6. 

TiBUi XIX. — Taa HAznniK, MnniniH, iia> Mbih Ahouhtb or 

Cbbtaih CoNsmuEHiB n Bbtkk Sahfleb o* Dbt and Hoab 

Fhoht, ni Pabts pb» Uillioii. 
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* HeaD of 4 uialTsea. 

How variable may be the composition of rain-water in 

different districts, is shown by the resnlta given in Table 

XX., quoted from Dr. Angus Smith's "Air and Rain." 
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The r^n of towns exhibits a large increase both in ammonia 
and Bulphurio aoid, and a smaller, though a considerable, 
increase in chlorides and nitrates. Chlorides reach their 
maximum in the rain collected at the sea-coast. Bain 
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gathered at Yalentia, on tlie west coast of Ireland, yielded 
as macli as 4735 parts of chlorine per million. 

The quantities of ammonia Eind nitric acid supplied to 
the soil in rain in the coarse of a year have been deter- 
mined in various parts of Europe. Table XXI. shows the 
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results of twenty-two determinatioDS, eadi extending over 

a whole year, and made at nine different stations. Whilst 
the total nitrogen supplied in the atinaal rainfall at 
Bothamsted is probably 4 to & lb. per acre, exdnding 
the condensation by the soil, the mean of continental 
estimates, including localities near towns, is seen to be 
10-23 lb. per acre. 

U.gnrK.yG00^IC 



DEAINAGE "WATERS AS A SOURCE OP 
LOSS TO THE SOIL. 

A COMPARISON of the composition of the water which 
falls upon a eoil with that of the water which drains 
from the soil shonld afford mnch information respecting 
the ingredients which are washed out of the soil in the 
drainage waters. The substances thus dissolved by rain 
comprise : (1) those which are freely diffusible within the 
soil, (2) those for which the soil exercises more or less 
attraction, and which are therefore not freely difbeihle. 
The freely diffusible acids are hydrochloric, nitric, and to 
a less extent sulphuric acid. The most readily difEnsible 
bases are soda and lime. The combinations of these, that 
is, the chlorides and nitrates of sodium and calcinm (lime), 
and, to a less extent, the sulphates are thus readily diffu- 
sible salts, and may easily be extracted from a soil if 
sufficient water be passed through it. On the other hand, 
moat fertile soils possess a great retentive power for phos- 
phoric acid, ammonia, and potash, and these substances 
are consequently only found in drainage waters in minute 
quantity, except in very special circnmstanoes. In the 
case of such substances the small solvent action of rain 
results rather in their more equable distribotion through- 
out a limited area of soil than in their removal irom it. 

In the lUtthameted experiments it has been demon- 
strated that the expulsion of the diffusible salts from a 
Boil is effected most readily when the percolation is 
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rapid; that consequently a heavy rainfall, occurring in 
a few da3rs, is for more dangerous in this respect than 
the same rainfall spread over a month. It is further 
proved that, but for the action of dlffasion, and other 
canses tending in the same direction, the soluble salts 
contained in a soil would descend on the application of 
rain in a well-defined band, and be suddenly diacharged 
in the drainage water; whereas the difEuBion which is 
always taking place in a moist soil tends to distribute 
the chlorides and nitrates eijually throughout the mass of 
the soil, and thus produces a considerable uniformity in 
the composition of the drainage water. 

The richness of drainage waters in nitrates is, in our 
climate, greatest in early autumn, whilst it diminishes 
through the winter, and is least in spring. The summer 
is, nevertheless, the season when nitrification is most 
rapid, and when nitrates are most abundantly produced 
in the surface soil ; bat, as little drainage occurs in summer 
time, owing to the high rate of evaporation, the nitrates 
at that season accumulate in the soil. As the autumn 
advances drainage becomes active, and the washing out 
of the nitrates commences ; the first drainage is not, 
however, always the strongest, because the nitrates are 
most abundant at the surface, and must be displaced by 
rain, and allowed time for diffusion, before they can 
appear in quantity in the drainage water. Shallow soils 
are most quickly washed out, whilst deep soils, poBsessing 
a larger mass for the diffusion of the nitrates, part with 
them more slowly and uniformly. 

At Eothamsted, drain-gauges have been constructed 
in the soil, with the object of facilitating the collection of 
all the drainage waters. Three of these gauges each 
occupy a surface area of 6 feet by 7^ feet (y^^ of 
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aa acre), but the depths of soil included in them are, 
respectively, 20 inches, 40 inches, and 60 inches. The 
qnanti^ of nitrogen as nitrates, and of chlorine as chlo- 
rides, removed by the drainage waters from an acre of 
soil during each of the three dndnage years named is set 
forth in table XXII. 

It is fortunate for the sake of comparison that these 
three years include some widely different seasons. The 
year 1879-80 was one in which the drainage was rather 

TlBLB XXII. — AUOTTNTB PBR AOBI OT NrTBOOCH AS NUBAIBS IKD OF OnLOBIHI AS 

CHLOBiDBg, oositisED IS IHB Dbainaoi-Waiee rBaM Thbkb DftAtM-GlUaBS 

01 DIFTEBBNT DsPTHB IN ThRBB DbAHUQI YeABB (OoT. TO SbPT.). 
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below the normal quantity, whilst in 1878-9 the drainage 
was more than twice the normal quantity. Table XXII. 
shows that an increase in the amount of drainage is ac- 
companied by an increase in the amount of nitrates 
removed from the soil, though the Utter does not increwie 
at the same rate as the former. On the ether hand, the 
increase in the quantity of chlorides removed from the 
soil is at nearly the same rate as the increase in the 
drainage. Expressing numerically the average results 
of the three gauges, the increase of the drainage in these 
two extreme seasons was &om 100 to 268, the increase of 
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chlorides from 100 to 262, and the increase of nitratea from 
100 to 182. Afi the rain which produces the increased 
JtaisagQ i.'iso sapplies the chlorides, it is easy to nnder- 
etaad why both drainage and chloridea shonld increase at 
a similar rate. The rain, on the other hand, supplies bnt 
an insignificant amount of nitrates, and only up to a cer- 
tain point increases the rate of nitrification in the soil ; 
the larger amount of nitrates removed by heavy rain is 
thus in great measure simply dne to the more thorough 
washing of the soil. 

The annual amount of nitrogen in the form of nitrates, 
removed in the drainage water was, on an average of 4 
years (1877 to 1881), 46-51 lb., 36-32 lb., and 43-69 lb., m- 
spectively from the three drain-gauges, the mean of all 
being 41 '81 lb., equivalent to 268 lb. of ordinary nitrate of 
soda. Supposing that the drainage-water contained at the 
same time 0-5 part of nitrogen per million in the form of 
organic nitrogen and ammooia, this gives a total of 
43-77 lb. as the quantity of nitrogen removed in one year 
from an acre of nncropped soil for 17281 inches of drain- 
age. Such a quantity of nitrogen is equal to that con- 
tained in an average crop of wheat or barley ; its loss to 
the soil in the drainage-water is thus a matter of grave 
importance. Though such toss may be, and probably is, 
considerably leas in an ordinary agricultural fallow, occur- 
ring in rotation, than in the Rothamsted drain-gauge 
experiments, the loss must clearly be a very serious one 
whenever the season is wet. Bare fallow can only be 
thoroughly snccessful in a dry climate. In such circum- 
stances the active production of nitrates which takes place 
in a fallow will doubtless greatly increase the fertility of 
the soil for the succeeding crop. In a wet climate the 
practice of bare fallow mast result in a rapid diminution 
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ol 8oU nitrogen. One method by which a crop will greatly 
diminiBh snck loss has already been noticed, namely, by 
largely increasing the amoont of evaporation, and thus 
diminishing the amotmt of drainage. 

Besides the investigations into the composition of the 
drainage-waters passing from bare fallows, those yietdsi] 
bj' land variously manured and cropped with wheat, have 
also been made the snbject of inqaiiy at Rothamsted. It 
is desirable to bear in mind that the drainage-water 
passing through a natural soil is of two kinda : (1) aur- 
face-water passing downwards throagh open channels, 
(2) the discharge from the Batarat«d soil. The first is 
mnch the poorer in dissolved ingredients, excepting when 
solnble manures have been recently applied to the surface. 
In Broadbalk field at Bothamsted, nearly twelve acres 
were set apart for the experiment. Drain-pipes of the 
" horseeboe and sole " pattern, with an internal diameter 
of abont two inches, were laid down at depths of from 
two feet to two and a half feet, and at distances of eight 
and a quarter yards apart. The recorded observations 
show that whilst the deep drains employed on heavy clay 
land usually run unintermptedly through the winter, the 
drains in Broadbalk £eld continae running only a few 
hoars after rain has ceased. The cause of the difference 
is to be sought in the fact that the Broadbalk drains are 
comparatively near the surface, and that any aceumula- 
tion of subsoil water is prevented by the chalk which 
underlies the soil at a depth of about ten to fourteen feet 
from the surface. The drainage-waters in Broadbalk field 
are thus a discharge of the water percolating through the 
soil, while the drainage from the deep drains in heavy 
land is mainly supplied from a reservoir of subsoil water. 

It will be useful to point out why, in the study of 
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dnunage-waters, speoial atteutioa is given to chlorine, Dot- 
withstanding tliat it is an element of not mnch agricnl' 
tnral importance. The wheat crops Ln Broadbalk field 
assimilate very little o£ the chlorides applied (as mnriate 
of ammonia) in the manore ; in the grain practically no 
chlorine is found; in the straw only a small and vari- 
able quantity. lUgarded simply as plant-food, therefore, 
chlorides merit little consideration. Yet in studying this 
problem of the drainage-waters, the chlorides assume a 
special importance. Chlorides in fact resemble nitrates in 
that both are salts for which soils possess apparently no 
chemical retentive power ; they are held by the soil merely 
as in a sponge, and their distribution in the soil is thus 
regulated by the amount of rain falling on the surface, 
and by the ordinary laws of diffusion. Aa the quantity 
of chlorine applied in the manure to each plot in the field 
was, excepting in the case of the farmyard manure plot, 
well known, the proportion of chlorine contained in the 
drainage-waters becomes an excellent indication of the 
extent to which the soluble constituents of the manure 
have been washed out of the snrfaoe soil; it affords a 
means of judging of the relative concentration of the 
water Issnlng firom different pipes, and it also serves to 
indicate in certain cases whether a mixture of the drain- 
age-waters has taken place. Facts established with regard 
to chlorides will be equally true of the other soluble dlSa- 
eible salts present in the soil. 

The evidence which the drainage-waters of Broadbalk 
afford, both as to the production of nitrates in the soil 
and their removal from it by drainage, is of great practical 
importance. As wheat was the crop grown in the field, it 
is necessary to remember that the nitrates of the soil (as 
distinguished from other possible sources of nitrogen. 
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Bnch as the atmosphere) fiinuBh the chief, if cot the 01U7, 
snpply of nitrogen available to the wheat crop. The 
drainage-waters from unmannred soil, kept free from 
weeds, yielded daring a period of foar years an average of 
10'7 parts of nitrogen, as nitrio acid, per million of -water. 
With land growing wheat year after year, the result is 
very different. The average figares for three years show 
that the permanently unmannred plot yielded only 3-9 
parts of nitrogen, as nitric acid, per million of water, 
whilst the plot receiving ash constituents alone yielded 
iS parts, and another nnmanured plot 1'5 parts. This 
mnoh lower proportion of nitrates in the drainage-waters 
is doubtless partly owing to the great exhaustion of the 
nitrogen of the soil by continuoos wheat cropping with* 
oat manure, bat is chiefly due to the fact that the crop 
actively appropriates the nitrates formed in the soil. So 
complete is this appropriation of nitrates by the wheat 
crop that, during the time of active growth, and for some 
time after, no nitric acid, or a trace only, could be found in 
the drainage-water from several of the plots in the field. 

Some of the plots upon which wheat was continuously 
grown, year after year, received annual dressings of am- 
moninm salts, consisting of eqaal portions of the snlphate 
and moriate (chloride) of ammonia of coumierce. The 
results yielded by the drainage-waters of these plots are 
full of interest. Soil, as is well known, has a wonderfal 
retentive power for ammonia, this being one reason why 
ammonia is so seldom present in drainage-waters. Most 
of the analyses showed ammonia to be present in less 
quantity than it is contained in ordinary rain-water. But 
there was an instructive exception, when anunonia was 
found in the drainage-water in considerable quantity 
The usual dressing of 400 lb, of amtuoaiom salts per acre 
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was applied on October 2Bth, 1880, and tlie manure 
ploaghed in. Heavy rain fell during tha night of the 
26th, HO that on the morning of the 27th the drain-pipes of 
nearly all the plots were found nmning. The water col- 
'ected from the ammoniom-salts plot at 6.30 a.m. con 
tained nitrogen in the form of ammonia, eqnal to 9-0 per 
million; a later collection at 1 p.m. contained 6'5 per 
million. Bain continoing, water was also collected on the 
two following days. On the 28th the water collected at 
6.30 a.m. contained 2*5 per million of nitrogen as am- 
monia. On the 29th, at 10.30 ajn., the qaantity was 1'5 
per million. Ammonia ia absorbed by soil, from a solu- 
tion of salts of ammoniom, only when the soil contains a 
sufficient quantity of some base capable of uniting with 
the acids of these salts. TheBotbamsted soil oontsius but 
little chalk (carbonate of time) ; it was clearly unable to 
decompose the ammonium-salts sufficiently qnickly to pre- 
vent loss of ammonia through the heavy rain which followed 
so closely upon the application of the dressing. 

Notwithstanding the exceptional case which has just 
been quoted, it is evident that normally the first result of 
the application of ammonium-salts to the Bothamsted soil 
is the chemical absorption of the ammonia ; the acids of 
the ammonium-salts at the same time unite with the time 
in the soil, and may be removed in the drainage water. 
Thus the water mentioned above, as containing 9'0 parts 
of nitrogen as ammonia, contained 146'4 parts of chlorine 
derived from the ammonium-salts. The speed with which 
nitrification of the absorbed ammonia progresses is largely 
dependent on the amount of rain which fails after the 
ammonium-selts have been applied to the soil; water is 
required in the first place for the solution and distribution 
of the ammonium-salt, and afterwards for the process of 
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nitrification. In consequence of the rapid nitrification of 
ammoninm-salts, drainage-waters from plots receiving am- 
monia are richest in nitrates shortly after the ammoniiim- 
salts have been applied. When anunoniam-saltB are pat 
on in March, the drainage -waters of April are those 
strongest in nitrates. Indeed, the average loss of nitro- 
gen as nitrates in the April waters is equivalent to 6-7 
lb. per acre, or, — as 1 lb. of nitrogen is contained in 6-4 
lb. of good nitrate of Hoda,^to 42-8 lb. of nitrate of soda 
for each inch of drainage. When the wheat-crop com- 
mences its active growth, the quantity of nitric acid in 
the drainage-water rapidly diminishes; and in the case of 
some of the plots receiving ammonia, the nitrates disap- 
pear altogether in summer time. 

To what extent the loss of nitrogen in drainage -waters 
is associated with the presence or absenoo of certain of 
the essential ingredients of minei-al manures is shown in 
the results afforded by certain plote, which, whilst they 
all received the same quantity both of nitrogen and chlo- 
rine, received at the sune time different suppKea of ash 
constituents. Where the principal ash constituents (phos- 
phorus, potash) required by the crop are supplied, a large 
assimilation of nitrogen takes place during the summer 
months, and the proportion of nitrogen to chlorine in the 
drain age- water becomes very low. Where potash has 
never been applied, or not for many years, a larger propor- 
tion of nitric acid escapes assimilation. Where neither 
phosphoric acid nor potash is applied, the proportion of 
nitric acid left antouched by the crop and removed in the 
drainage-water is much increased. In winter time, the 
proportion of nitrogen to chlorine in the drainage-water is 
in all cases high, the chlorides of the mannre having by 
this time been washed out of the soil to a considerable 
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eztfint, while a new fonnati<m of nitric acid is continually 
in progress. Tliese details are all set forth in Table 
XXlLL., which shows the manurial treatment of each of 
the seven plots concerned. 
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The following practical conclusions arrived at by the 
Rothamsted investigators, as the result of elaborate and 
prolonged research, are of the highest interest and import- 
ance : — 

(1) Most of the nitrogen of farm-crops is derived from 
the nitric acid of nitrates within the soil. 

(2) The nitric acid in the soil is produced from the 
nitrogenoas compounds of the soil itself, from the nitro- 
genous organic matter of animal and vegetable manures, 
from the ammonia of artificial manures, and from the 
ammonia supplied by rain and condensation from the 
atmosphere. A very small qucmtity of ready-formed 
nitric acid is supplied by rain and condensation from the 
atmosphere. Nitric acid is also provided by the direct 
application of nitrates. 

(3) The ammonia of ammouiom-saltB is rapidly con- 
verted into nitric qcid in the soil, as also is the nitrogen 
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of some organic matters, Bticli as arine. The nitrogen of 
rape-cake, that of the less soluble parte of farmyard 
manure, of stabble, of roots, etc., is mach more grada&lly 
converted into nitric acid, and it may reqnire many 
years for the conversion of the whole of it. The nitro- 
genous compounds of the soil itself are very slowly con- 
verted into nitric acid, but the soil yields a certain 
quantity every year. 

(4) When there is no vegetation, and there is drainage 
from the land, or even when there is vegetation, and 
excess of drainage, nitric acid ia lost by drainage. 

(5) In the case of permanent grass-land, as the soil is 
always covered with vegetation, there will be with it the 
maximum amount of nitric acid utilized by the crop, and 
the minimum amount lost by drainage. Land without 
vegetation will be subject to the maximum loss of nitric 
acid by drainage. 

(6) The power of a growing crop to utilize the nitric 
acid in the soil is much diminished if there be a deficiency 
of available mineral constituents, and especially of potash 
and phosphoric acid, within the reach of the roots. 

(7) As the various crops grown upon a farm differ very 
much as to the period of the year of their most active 
growth, the length of time they remain on the land, and 
the character and the range of their roots, their capacity 
for taking up nitric acid from the soil is very different. 

(8) The recognised exhausting character of com crops 
is largely due to the limited season of their actual growth, 
and the long period during which the land is bare, or 
yielding little growth, and so subject to loss of nitric acid 
by drainage. 

(9) "When salts of ammonium, or nitrates, are applied as 
manure, the chief, if not the only, unexhausted residue of 
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nitrogen left within the soil availnble for fature crops ia 
that in the increased roots and other residues of the 
oropa ; and this is only slo^yly available. 

(10) When oilcakes or other foods are conBnmed by 
fitock, the formation of nitric acid from the manure pro- 
duced is slower, bat continues longer than when salts of 
ammonium are used. When there is a liberal use of 
animal manures, an accumulation of nitrogenous and 
mineral matter takes place in the soil, and such accumula- 
tion is known under ihe term " condition." Under such 
circumstances, the fertility of the soil is maintained, or it 
may even be considerably increased. 

It should be added to the foregoing summary that, in a 
paper on the question of the fixation of free nitrogen, 
communicated by Sir John Lawes and Fi-ofessor Gilbert 
to the Boyal Society in the early part of the year 1890, it 
was stated that although chlorophyllous {i.e. green) plants 
might not directly utilize the free nitrogen of the air, 
some of them, such as the Papilionaceee (clover, vetches, 
sainfoin, lucerne, peas, beans, etc), may acquire nitrogen 
brought into combination under the inSuence of lower 

' organisms, the development of whicli is, apparently, in 
some cases a coincident of the growth of the higher plant 
whose nutrition they are to serve. It thus appears pro- 
bable that certain micro-organisms of the soil may act as 
carriers of nitrogen to leguminous plants from the vast 
stores of this element existing in the atmosphere. The 

- nodules which are to be seen on the roots and root- 
fibres of clovers and their allies are associated with tha 
development and activity of these micro-organisms. 
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THE MOISTUBE OP THE SOIL. 

Several mvestigationB Iiave been made at Rothameted on 
the subject of tbe evaporation of vater hj plants, botb 
whea grown in pots and in the field. Galcnlationa as to 
the quantity of water removed from the soil, daring the 
hot and dry summer of 1870, served to show that a crop 
of manured hay of 29^ owt. per acre had removed from 
the soil at least two inches, and another manured crop of 
66| cwt. at loast 3'2 inches more water than an uu- 
mannred crop of B| cwt. In tbe case of a crop of barley, 
there was apparently removed from the soil about nine 
inches more water than had evaporated from the adjoin- 
ing bare fallow. This circnmstance, that more water is 
lost by land covered with a crop than by the same land in 
a state of bare fallow, is of much interest, as exposing the 
incorrectness of the popular idea that soil sheltered by a 
crop is kept moister than a bare soil. So far as surface 
moisture is concerned, this may be true, but none the less 
does the cropped land give up the more moisture. The 
powerful action of a crop, in evaporating water from a 
soil, is mainly due to the rapid transpiration of vater 
through the leaves, which takes place in a growing plant 
under the influence of light. As the roots assist by 
enabling the plant to take up water from depths too great 
to be disturbed by ordinary capillary attraction, it fol- 
lows that a deep-rooted crop, such as sainfoin or lucerne, 
may be more effective in drying the soil than a shallow- 
rooted crop, such as barley. 
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Since tlie tranapiration (i.e, evaporation from the leaf 
surfaces) of water by a plant is dependent on light, the 
amonnt of transpiration must be connected with the rate 
of assimilation and growth. When the supply of water 
and of soluble plant food is fairly constant, the relation 
between transpiration and growth will be approximately 
regular. From experiments made at Itothamsted upon 
plants grown in pots, it was concluded that from 250 to 
300 lb, of water were evaporated for 1 lb. of dry matter 
added to the plant. But, from a soil poor in plant-food, 
a larger amonnt of water would probably need to pasB 
through the crop, than from a well-manured soil, in order 
to result in the same amount of assimilation. Hence, the 
relation between transpiration and assimilation is likely 
to differ according to the circnmstancea. The annual 
evaporation from a cropped soil can, however, never be 
reckoned as a fixed or constant quantity, even under a 
nniform course of cropping, &b the character of the season 
greatly affects the growth of the crop, and conseciuently 
its evaporating power. 

The tillage of land carrying fallow crops is commonly 
regarded as having for its chief object the suppression of 
weeds. It is doabtful, however, whether its effect in the 
conservation of soil moisture — at all events, in seasons of 
drought — is not a more important and a more valuable 
resnit. In dry weaUier water escapes from the upper 
layers of the soil into the atmosphere in two ways — by 
transpiration and by evaporation. In the former case, it 
is taken up hy the roots of plants and exhaled through 
the leaves ; in the latter case, the action of the sun and 
■wind causes water vapour to rise directly from the 
surface of the soil. The water which is transpired 
passes through the plant, conveying nutriment to it, 



TEE MOISTURE OF THE SOIL. 



77 



and is tlierefore of the greatest ose to the farmer. That 
which evaporates from the soil is practically lost to him. 
Experiments made at tlie Storrs Agricultural Station 
illustrate very forcibly the influence of tillage upon soil 
moisture. Cans 30 inches deep and 10 inches in diameter 
were filled with soil and buried in the ground, so that the 
surface of the soil in the can was at the same level as 
that of the surrounding land. They were arranged in 
two lots of four cans each. Lot 1 contained garden soil, 
the lower 20 inches being a yellow clay loam of nearly 
uniform texture, and the upper 10 inches a rich heavy 
loam. In Xiot 2 upland soil was used : the bottom 10 
inches nearly pare sand; the middle 10 inches porous, 
light loam; the upper 10 inches filled with soil from the 
first 5 inches below the sod — a light loam, apparently 
containing a small percentage of organic matter. The 
experiment was commenced on July Slst, but heavy raina 
at first interfered. The last fortnight of August was, 
however, diy and warm enough to show differential 
results, though it was by no means a period of drought. 
In some of the cans the surface was not stirred at all ; 
in others it was stirrad to a depth of 2 inches, or 4 inches, 
every alternate day, unless rain prevented. Table XXIT. 
shows that, both with the heavy soil and with the light 
soil, there was a greater loss of moisture by evaporation 

Tibia SXIV.— Loss or Son^-WATSB bt Etifokattoh (tbou Acqusi 
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from tlie nndistarbed soil than from that which waa 
periodically stirred at the earfaoe. In fact, although the 
weather daring the latter half of Augost was neither 
particalarly warm nor dry, the hea-vy Boil loat 04 inch 
less water, and the light soil 0*6 inch lose, by evaporation 
when stirred at the surface than when not stirred. 

The interpretation of these figures touches upon a point 
of high practical interest. It is not simply with the 
result of killing weeds that a farmer hoes his crops. 
Weeds are bad, but drought is worae, and the moisture is 
often insufficient for a full yield of crop, even when no 
drought is apparent. The soil has reserve stores of water, 
but in summer even this supply gets low, and the same 
force of capillarity which brings it up to the roots of the 
plants, carries it past them to the surface, where the sun's 
heat changes it to Taponr, and the winds lick it up and 
bear it away. Hoeing and cnltivating serve to loosen 
the upper layer of the soil. The capillary tubes through 
which the soil-water is conveyed upwards are thereby 
enlarged, or their continuity is severed; the capillary 
action is thus hindered, and less water passes to the 
surface. At the same time more air enters, and the 
loosened top layer of soil transmits less heat to the soil 
beneath. The loosened surface acts, in fact, as a mulch, 
and tends to keep the under soil cooler, whilst it prevents 
the water ^m reaching the surface, and thereby, in a 
twofold manner, shields the rising moisture from loss by 
evaporation. Thus it is that the cultivator of the soil can 
utilize the forces of nature in bringing water to the roots 
of his plants for their sustentation, and at the same time 
iu preventing it from passing by them, and escaping as 
vapour into the air. 

At the New York station at Geneva experiments have 
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been made to determine — (1) how &r the amoonts of 
moistare in the portion of the soil occupied by the roots 
of cropa may b© influenced by treatment apart from 
artificial watering; (2) what depth of surface tillage 
retains the greatest amount of soil moisture ; (3) the 
effects of mulching compared with those of tillage in re- 
taining soil moisture. The mulch was of fine oat straw, 
that had served during the preceding winter in the rear- 
ing of strawberries. A plot occupying one-twentieth of 
an acre was divided into ten equal parts, situated and 
treated as shown in the diagram : — 
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This soil is, for the first 9 inches or 10 inches a clay 
loam, with sufQcient clay to make it bake somewhat in 
dry weather; below, it is a very tenacious clay. The 
tillage on plots 2, 3, 4, and 7, 8, 9, was, af^r every fall of 
rain sufficient to puddle the surface, repeated as soon as 
the soil was diy enough to work. On plots 2 and 9 the 
garden-rake only was used. On the other tilled plots the 
soil was thoroughly loosened with the fork to the required 



80 SOILS AND THEIR PMOPERTISS. 

depth, after whict the Burface was made fine and level 
with the rake. Suitable arrange mentB were made for 
taking weekly aamplea of the Boila to the depth of a foot 
and estimating the moisture. It was found that, with 
very few eiceptiona, the plots neither mulched nor stirred 
(1 and 10) contained the least moisture, while the moistar« 
increased regularly with the depth of the stirring, and 
was greatest of all in the mulched plots (B and 6). 

The inflnencB of sur&ce treatment is of most importance 
in time of drought. In periods of abondant rainfall it 
matters little to the farmer whether soil stirred i inch 
deep or 4 inches deep contains the more moistore. The 
actual figures recorded in the experiment show that the 
amount of water retained in the soil in dry weather, by 
even a very shallow stirring of the surface, is by no means 
inconsiderable, the reason being that the capillary tubes 
connecting the surface with the depths are interrupted 
and broken. There was more water retained hy the Erst 
\ inch of stirring than by any deeper { inch, and this would 
appear to indicate that there is a limit to the depth of 
profitable caltivstion. So long as the benefit to the crop 
through the conservation of moisture is greater than the 
injury accruing from root laceration, the cultivation is 
profitable ; beyond this it may become unprofitable. 

The depth of the mulch employed did not exceed 1 inch 
after it had become packed a little by the rains, and it was 
not renewed throughout the season. Ihiring dry weather 
its efficacy in retaining water was almost double that of the 
deepest soil-stirring resorted to in the experiment, a cir- 
cumstance which emphasizes the great value of mulching. 
Practical men do not need to be reminded how very usefal 
mulching is to young trees during hot summer weather. 

The conclusions, therefore, are — (1) Thiil keeping the 
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Borface of the soil stirred, if only to the depth of ^ inch, 
increases the water content of the first 12 incKes to a very 
appreciable degree ; (2) that the deeper the tillage, at 
least np to 4 inches, the greater is the increase in water 
content; (3) that the rate of increase diminishes as tLo 
depth increases ; (4) that a slight mulch exerts a lnr 
greater inflnence in retaining water than tillage 4 inches 
deep. 

It is noteworthy that the evaporation from a soil satu- 
rated with water exceeds that from an unbroken sniface 
of water. In ordinary circumstances that soil will dry the 
quickest which has the coarsest particles and the most 
open texture. The water-retaining capacity of such a soil 
may be improved by increasing the amount of htunoa 
contained in it. 
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The physical effect of farmyard nutnore upon soils is 
equally important with its cliemical influence. Tlie general 
rule according to which short and well-rotted dung is 
applied to light open soils, and long fresh dung to heavy 
compact soils, is one intimately associated with the mutnal 
physical relations of soil and manore. The fresher the 
dung, the less ready are Its constituents to enter into 
combinations available as plant food ; and in this form a 
stiff day soil is well adapted ttf hold or retain it till the 
occurrence of those chemical reactions which result in ren- 
dering the nutrient ingredients of the manure presentable 
to the plant. The older and the more rotted the dung 
before application, the more promptly are its fertilizing 
ingredients available ; and, as light, porous soils are 
deficient in retentive power, it is well they should receive 
dung in an advanced state of decomposition, and at a time 
when the crop Is ready to make use of it, loss of manurial 
substance by means of the drainage waters being thus 
avoided. Furthermore, long or green manure helps to 
open up stiff soils; and the fresh straw provides air 
channels along which the atmosphere can find its way 
into the recesses of the soil, oxidation being thereby 
promoted. Conversely, the application of short or much 
decomposed dung to a light or sandy soil has the beneficial 
effect of promoting its consolidation and of rendering it 
less readily permeable by water. 
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But there is another effect of natural manorea upon the 
Boi], and one about which very little is known. This is 
the m£aence of the manure apon the temperature of the 
soil. That Buch an icfiuence is actually exerted is shown 
by Greorgeson's experiments at Totio, Japan. The soil, 
in this case, is light and porous, and consists of a volcanic 
ash mixed with 7 or 8 per cent, of humus. For the 
purposes of the experiment four equal-sized frames, each 
one foot deep, and without top or bottom, were sunk in 
the ground bo as to bring the rim level with the surface. 
These were filled with soil, which was then thoroughly 
mixed with manure, this latter having previously been 
rendered as uniform in character as possible. Different 
quantities per acre were applied to each plot, and in a 
fifth frame no manure was added to the soil. The manure 
was partly decayed, but still rather long. A Fahrenheit 
thermometer was plunged to the depth of five inches in 
each box, and was read during each period of five days 
in the twenty-five days from October 27th to November 
22nd, the observations being conducted as in the open 
field. The results, as tabulatedic "Agricultural Science," 
are given in Table XXV,, on the next page. 

These gradations exhibit a sufficient regularity to 
suggest the conclusion that, provided all other conditions 
were similar, the quantity of heat developed in the soil, 
in consequence of oxidation, would be in direct proportion 
to the amount of manure applied. It is seen that the 
manured soil loses heat more rapidly than the unmanured. 
The fact that the averages for the last period in the case 
of the soils receiving twenty and ton tons of manure 
respectively are below the average of the unmanured soil 
is due to the circumstance that, as the manure is converted 
into humuB, the capacity of the soil for holding moisture 
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is increased, and this, followed by an increase of evapora- 
tion, causes the Boil to be cooler than a drier one, becauBe 
evaporation involves the abstraction of heat. 

According to the observations oi Professor Penhallow, 
it appears that during the sanuner months the soil, at a 
depth of three inches, maintains a temperatnre vhich is 
constantly higher than that of the immediately overlying 
layers. Radiation and, more especially, evaporation affect 
these euperficiftl layers, whilst the mechanical condition 
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of the soil also exerts aa. influence. A loose, porous soil 
evaporates its moisture much more rapidly than a compact 
one, hence its t^nperature must be lower. Actual obser- 
vations indicated a difference of temperature between 
compact and porons soUa vaT^ing from 0-1 deg. C. in the 
morning to 6'2 deg. G. in the afternoon— a difference of 
great importance where the growth of plants is concerned, 
Prof. Penhallow concludes that a proper knowledge of the 
temperatore of the soil will indicate the time for planting 
particular seeds, and the depth at which they should ba 
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planted as detenninad by the condition and character ot 
the soiL When the cultivator gently packs the earth over 
hia newly-planted seed, he derives a measure of benefit 
in the higher temperature of the soil at that spot where 
germination is accelerated, Similarly, it is clear that 
cultivation during periods of excessive heat must tend to 
avert some of the evil results otherwise following from an 
excess of temperature. 

Reference was made on page 83 to the increased water- 
holding power of a soil as the dung applied to it became 
more completely converted into humus ; and on this point 
there is much instruction in Table XXVI,, from "How 
Crops Feed." Coaree quartz sand, which is capable of 
holding 25 per cent, of water by weight, has been foimd 
when finely pulverized to hold 53'3 per cent. Clay, 
according to its quality, holds from 40 to 70 per cent, of 
water ; brick clay about 66 per cent. 

TiBiiG XXVI. — WATEB-HoLUiHa PawcB or Soaa. 

, Per cent, 

i/^nartz sand 26 

Clay aoil (60 per cent, olay) .40 
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As is indicated in this table, humns has a marked 
influence upon the water-holding capacity of a soil. The 
surface soil of the wheatfield at Rothamsted, sampled in 
the mouth of January when saturated with water, yielded 
only 33 parts of water per 100 of dry soil on the uu!- 
manured land, bat 66 parts of water per 100 on the land 
which had received farmyard manure annually for 26 years. 
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As regards their immediate origin, soils kto either formed 
by the dieintegration or weathering of the underlying rock, 
in which case they are distinguished as sedentary, m- 
digenouB, or local ; or they are brought from a distance, aa 
in the case of glacial detritas, or of the alluvium deposited 
by a river near its mouth, and are then called erratic, 
exotic, or transported soils. 

The origin of local soils may be well illustrated by the 
mode of formation of the soil on the impure oolitic lime- 
stone of the Cotteswold Hills. Figure 5, page 107, repre- 
sents the face of a quarry : the soil at the top is merely 
a superficial bed, between it and the virgin rock are two 
beds more or less distinct, which manifestly represent dif- 
ferent stages in the transformation of the hard solid rock 
into loose soil. The upper of these two, generally termed 
the subsoil, differs from the overlying soil in containing 
more carbonate of lime, in being greatly de£cient in 
humus, and abounding in stones ihe size of which increases 
with the depth. The other consists exclusively of these 
stones (brash), which, becoming progressively larger and 
larger, pass gradually into the continuous rocks below. 
To account for these appearances, it ia only necesHary to 
bear in mind the solvent power of water containing car- 
bonic acid, and to remember that the deeper such water 
percolates downwards, the more saturated with dissolved 
salts will it become, and therefore the less capable ol 
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efTocting further eolation of rock-substance. The simface 
Boil will cimtain the insoluble silica and alumina which were 
present in the impure limestone, some undissolved car- 
bonate of lime, and homus. The local soils overljring the 
Chalk of the southern counties of England have a similar 
origin; and so completely has the carbonate of lime been 
dissolved away from the covering of soil that it is often 
necessary to top-dress it with chalk-rock. In that part of 
Britain which lies in the main north of a line which may 
be drawn from the mouth of the Severn to that of the 
Thames, the soils are more generally of the transported 
rather than of the local character, and there may conse- 
quently be little or no relationship between the rock below 
and the soil above. For this reason the Chalk area of 
Norfolk, for example, supports a very different soil frouL 
that which rests upon the Chalk area of Wiltshire ; in 
the latter case the soil is the offspring of the underlying 
chalk rock, in the former case it is not. The soil on the 
Cheviot Hills, however, is local. 

Very low forms of vegetable life, such as lichens, and 
then mosses, first appear on a young soil, and these dis- 
tuib its chemical composition j thus, lichens which grow 
on limestone yield on analysis oxalate of lime. The decay 
of such low plants gradually confers on the soil a small 
amount of humus, and so it is slowly prepared for the 
growth and nutrition of other plants higher in the scale. 

As bearing upon this subject. Sir John Lawes says, 
that if we were to take various rocks — ^graaite, slate, 
limestone, etc. — and, after grinding them to different 
degrees of fineness, were to mix them together in 
different proportions, we could, from the known com- 
position of these rocks, produce soils which would contain 
the most important mineral constituents of plaat>-food in 
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very different proportionB. "Assuming that -we poiv 
posely made one soil aB rich t>8 we could in this food, one 
as poor M we could, with two others in intermediate 
Btagea, and we then left them erposed to the ordinary 
influence of stin and rain,— I am here assuming the ex- 
periment to he tried upon several acres, and the artificial 
soil to be several feet deep, — we should find that the 
seeds of plants carried by the winds and other agencies 
would spread and grow upon these soils with very differ- 
ent degrees of rapidity; and, assuming that we were 
able to watch the process for thousands of years, we 
might see several remarkable changes in the character 
of the vegetation." The character and amount of the 
vegetation would, in fact, differ greatly on the various 
soils, and the largest amount would be found on the soil 
where the plants could get the largest quantity of food. 

Aa, however, planta cannot grow without nitrogen, and 
as the rocks which have been mentioned coniain no 
nitrogen, how could vegetation flourish on theae nitrogen- 
free soils? How, indeed, upon any new soil occurring 
naturally can plant growth make a start ? " There being 
no carbon or combined ititrogen in the soil, the first planta 
would be entirely dependent upon what they could ob- 
tain of these substances, directly or indirectly, from the 
atmosphere. Bain water always contains ammonia, and 
the plant and the soil may condense a certain further 
amount from the atmosphere ; but growth, even in the 
soil richest in mineral food, would at first be small, as the 
decomposition of carbonic acid and fixation of carbon 
would be limited by the amount of combined nitrogen 
which the plant could obtain from the sources mentioned 
above, and it would be much greater where the most 
abundant mineral food existed, as every particle of the 



THE ORIGIN OF 80IL8. 89 

available nitrogen woold be there used op ; while, where 
there was less mineral food, some of the combined nitro- 
gen might pass through the soil and be lost. 

" Sach year a certain portion of the vegetable growth 
dies off; leaves and branches fall, and portions of the 
roots decay. Part of the organic portion which falle upon 
the surface of the ground retoms again to the atmosphere, 
bat a certain part remains, and, added to that which 
decays nndergroond, becomes available fer fatore growth. 
The atmosphere of the soil, which at first differed little 
from that which exiata above it, becomes highly charged 
with carbonic acid, which decomposes the minerals in the 
soil; and thus, year by year, more and more of the 
nitrogen collected by each generation of plants becomes 
available for the generation that succeeds it." 

The carbonaceons matter which thus accumulates is 
known by the general term of Htunne, under which may 
be included " all those organic compounds in the soil 
which have gone through certain stages of decay since 
they formed parts of living vegetation. These compounds 
may be distinguished from living vegetation by their con- 
taining a larger proportion of nitrogen to the carbon." 

There is a great deal yet to be learnt about the organic 
matter which naturally exists in the soil. The name of 
Humus is familiar enough; but to a very considerable 
extent it still remains little more than a name. 

The. mould of cultivated fields is made up of inorganic 
and organic ingredients, the former being derived from 
the weathering of rocks, and the latter tracing their 
origin to plants or animals. The percentage of organic 
matter in a soil, or, in other words, the quantity of 
humus, ia in a great degree the measure of its fertility. 
It is tme that this humus cannot directly serve as plant 
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DOnrishm^it, though early investigators thought it conld ; 
DOTerttteless, the products of its decompositiou are highly 
important aa sources of plant-food. Nor, in connection 
with the cultivation of the soil, should the physical pro- 
perties of humus be overlooked. The formation or pro- 
duction of homuB is most intimately connected with the 
plant tmd animal life of the soil, and with the reaction of 
the one upon the other. After tjie crumbling of the rocks 
or stones, in consequ^ice of the action of various weather- 
ing agents, snch as water, air, and changes of temperature, 
various low forms of plant life, firstly lichens, and after^ 
wards mosses and ferns, settle upon the mineral fragments, 
and, 88 th^ decay, become incorporated with the earth 
wiiich supported them. To this plant-refuse ore added 
the products of the decomposition of animal organisms. 
These processes are continuously repeated, and are, there- 
fore, always in progress, and in this way there gradually 
accumulates a rich layer of humus. 

The products of decomposition which thus arise con- 
Btitute the source of the humus of the soil; but its 
charact«r will vary according to the accompanying con- 
ditions of moisture and temperature. As the decay pro- 
gresses, the nature of the humus changes, and eventually 
it becomes reduced chiefly to water, carbonic acid gas, 
and ammonia, substances which are capable of directly 
administering to the food requirements of vegetation ; and 
thus the same elements may again enter upon the cycle 

I of which lite and death are but alternating phases. 

] The decay of the organic matter involves its oxidation, 
or slow combustion, for which it is indispensable that 
there should be a free penetration of the air, and this 
is much facilitated by a regular working of the soil. 
Furthermore, certain micro-organisms play a significant 
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part in the decomposition of the organic matter. X% may, 
indeed, happen that the decomposition proceeds to such 
an extent that the nitrogen is even set free, and thus 
becomes lost to vegetation. The small organisms are 
likewise highly important on accoont of their capacity 
for converting the organic matter inte a form assimilable 
by plants. With these minato forma of life are associated 
other organisms, such as the earthworm, which haa been 
demonstrated by Darwin to play a moat significant rSle m 
the production of vegetable mould. It is no uncommon 
occurrence, especially in autumn, to see the small hepps 
of fine earth, or " castings," which woims eject at the 
mouths of their burrows. These castings have passed 
through the inteatinalVianal of the earthworm, and are, 
therefore, rich in speedily available organic matter, so 
that the surface layers of the soil become fertilized by the 
drying and orumbliug of the castings. Through the 
burrows which the earthworm makes in the soil the 
entrance of atmospheric air is facilitated, and the decom- 
position of organic matter becomes thereby accelerated. 
Water also finds a free and open passage along these 
burrows, and, in virtue of its solvent properties, it is able 
the sooner to convert the mineral ingredients of the soil 
into soluble plant food. Earthworms are further of 
service in bringing the organic residues and mineral 
ingredients of the soil inlo closer intimacy, thoroughly 
mingling them together, and thereby adding to the 
sources of fertility within the soil. When it is remem- 
bered that, according to Victor Hensen, there exist 
upwards of 60,000 earthworms in an acre of agricultural 
land, it must be at once evident how important is the 
work of this humble annelid in connection both with the 
formation of hnmns and with the tilling of the soil. 
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Aa regards the phyeica] properties of tamas, It is a 
veU-establislied fact tliat the temperature of the soil ia 
one of the chief factors in the favourable development of 
plant life. The high specific heat of hnmns, that is, the 
comparatively large quantity of heat required to raise 
the temperatore of a given weight of hnmna one degree, 
affords the reason of the difScolty with which the tem- 
perature of a soil rich in hnmns is appreciably increased ; 
on the other hand, the cooling of sach a soil is an equally 
slow process. The colour of the soil also exercises an 
infiuenoe upon its behaviour with regard to temperature; 
aird it is a familiar fact that the more the humus ac- 
cnmulates in a soil the darker the latter becomes. The 
capacity which the soil has for retaining water is inti- 
mately related to its richness in humus. 

It would be unwarrantable to conclude that the more 
humns a soil contains the more fertile that soil becomes, 
for it is possible for a soil to be overladen with humua. 
Indeed, by the excessive application of farmyard manure, 
or by the undue accumulation of crop residues within the 
soil, it may become disadvantageous to cultivate it. In 
peaty soils or moorlands this condition may often be seen. 

The quantity of hnmus in cultivated soils is very 
variable, ranging from 2 to 9 per cent. Sandy soils need 
to be enriched with humus, not only on account of its 
containing fertilizing ingredients, but equally for its 
moiatnre-holding capacity. In contrast with the free, 
opeu, sandy soils are the firm, dense, water-holding clay 
soils ; in these, hnmns has a physical value on account of 
its property of loosening, and thereby opening and 
aSrating the soiL Consequently the very growth of 
crops may improve the soil for future crops, because the 
crop-residue, in 1^ form of roots and stubble (see page 
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67), goes to increase the store of htunus which the soil 
oontains. Henc«, in some cases to increase, and in others 
to jadiciously regulate, the quantity of humus contained 
in the soil, is certainly not one of the least important 
objects to which ihe cultivator can direct his operations. 
By the process of green manoring — that is, raising a crop 
of mustard or any other quick-growing plant, and plough- 
ing it in green— the amotmt of organic matter in a soil 
may be readily increased. 

In writing on this subject in the Journal of the Royal 
Agricvltural Society (1890, page 83), Sir John Lawes 
saya:— 

" Humus (in which term I include all vegetable matter 
in a certain state of decay) is very insoluMe in water ; but 
sooner or later it assumes the form of nitric acid, which 
combines with lime or other alkaline substances in the 
soil, and then becomes very solable in water. These com- 
pounds rise and fall with the water in the soil, coming to 
the surface in dry weather, and passing into the drains, 
in the absence of growing vegetation, in wet weather. 
When a crop is in the full vigour of growth, the soil-water 
may contain no nitrates, the crop having taken them all 
up; but at all other times the soil-water contains more or 
less nitrates. Being soluble in water, and entering into 
no combination with the soil, nitrates cannot accumulate. 
Each year fresh nitrates are formed from the decomposi- 
tion of the hnmuB, the fertility of land depending largely 
upon the amount of nitric acid liberated every year. 
What we call ' condition,' is so mnch added to the stock 
of organic matter, which in the course of a few years is 
decomposed, yielding nitric acid and mineral substances." 
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As farther illustrative of wliat ib understood by " condi^ 
tion," the same author elsewhere remarks : — 

" It is Tery desirable to diatlDgoish between tiie natural 
fertility inherent in soils, which is given in exchange for - 
rent, and the additional fertility whioh the tenant brings 
upon the land at his option, bat cannot altogether remove." 

The principle is sometimes tersely enunciated thns : — 
Pertility is the property of the landlord, " condition " is 
the property of the t«nant. 

Our inadequate knowledge of hamns is not mnch ad- 
vanced by stating that this substance may roaghly be re- 
garded as consisting of hnmin and hnmates. By treating 
soil with cold dilate hydrochloric acid, and washing it, the 
bases which were combined with hnmic acid in the form of 
hnmates are removed. By the further addition of ammonia, 
soluble ammoninm-hamateB are produced, and insolnble 
hnmin remains. The alkali hamatee — those of potash, soda, 
ftnd ammonia — are solnble, bat thehnmatee of lime and of 
iron, which are the combinations in the soil, are not solable. 
All hnmates are colloid bodies (see page 46). Clay and 
hn mates are the principal cementing materials in soils. 

By the agency of bacteria in the soil, the nitrogen of 
humus is converted into ammonia and nitric acid, whilst 
its carbon is eimultaneonsly oxidised to carbonic acid. 
Two species of bacteria are concerned in the final stages 
of the nitriEcation of ammonia or of amides, the one pro- 
ducing nitrites, and the other effecting the further change 
into nitrates. The salt of nitric acid nsually produced is 
nitrate of calcium, the base of which is furnished by the 
carbonate of lime present in tiie soil. 



tilth: 

Host of qb remember the etory of onr cliildhood, relating 
how 031 old man in his dying moments called his sons 
around him, and told them that in the garden a treasure 
was hidden which, if they would dig diligently, they would 
find. And dig, we are told, they did, as seldom had garden 
been dug before ; yet of treasnre of silver or treasure of 
gold found they none, so that their disappointment was 
great. But in the fulness of time the earth yielded up 
her increase ; and when it was seen how wondronsly bono- 
tifol was the harvest from this mach-worked garden, the 
father's meaning dawned upon the minds of his sons, and 
they knew then that the old man's last words were words 
of wisdom. He lived so long ago that history has failed 
to bring down his name, otherwise it would deserve eqnal 
honour with that of Thomas Tusser, who, amongst many 
other quaint verses, penned, three centuries ago, the 
easOy-remembered couplet ; — 

" Good tilth biingi wedl, 
111 tiltan, weeds." 
A good tilth is the indispensable antecedent to a favour- 
able seed-bed, and how important ia the seed-bed is evi- 
denced plainly enough by the trouble that is taken to 
secure it, and by the varied kinds of implements which 
are devoted to the working of the soil. The terms, almost 
of endearment, which the tillers of the soil apply to it, 
show how large a place it occupies in their thoughts ; and 
when we are told of a soil that it is open, free-working, 

U.g.VK.yG00glc 
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mellow, or in good heart, our opinion of it increases ao- 
cordingly. Not that all eoila are such, for, unhappily, 
there exiat those which are known as hungry, stubborn, 
BtifiF, cold, or unkind. But most soils are capable of 
amelioration, in that it is possible to improve their tilth. 

It will have been gathered from the earlier chapters that 
in the production of tilth the silent operations of Nature 
oommonly play a prominent part. In winter this is par- 
ticularly noticeable, and one of the compensations of a 
hard winter is the finer state of sub-division in which 
surface soils emerge from it. Charged with water which, 
at the moment of freezing, undergoes in all the pores of 
the soil a minute yet sensible espansion, the particles of 
the soil are sundered from each other, and gradually fall 
down into a fine powder. The severity of the weather in 
some winters is particularly serviceable in this respect, 
and affords a good example of what geologists term epigene, 
or surface action. A practical illustration is seen in the 
manner in which large solid lamps of chalk, scattered as 
top-dreseing over the land in Chalk districts, crumble down 
during the winter into a fine powder. Farmers who top- 
dress with chalk or marl will, of course, be v^y familiar 
with this phenomenon, which, though in the main physical, 
is partly chemical. 

That a good tilth provides a favourable bed for the seed, 
that it is conservative of the moisture which the seed 
requires, that it facilitates the exploration of the soil by 
the delicate rootlets and root-hairs whose duty it is to 
absorb the nutrient solutions on which the plant is depen- 
dent, are points well known and genendly understood. 
But there are other aspects in which tilth may be view^, 
chief among which is the relation between tilth and under- 
ground moisture. 
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Consider for a, moment two extreme caaes. In each let 
there be & soil well stocked with all the elements of fer- 
tility, BO that, chemically, it is ft thoroughly efficient soil. 
But, iu the one case, let this soil be completely dry, that is, 
quite devoid of moisture, and for all cultural purposes it will 
be as barren as the sands of the Sahara. In the other case, 
let it be water-logged ; then with this surcharge of mois- 
ture it becomes a sour marsh. It follows, therefore, that 
fertility is not exclusively determined by chemical con- 
ditions, but by these taken in conjunction with physical 
properties. Of the latter the most important is capillarity ; 
and although some reference has already (page 78) been 
made to this subject, it will repay further study. 

No physical property is more familiar than that of 
capillarity, or captlliuy attraction. When a piece of sugar 
IS held with one comer dipping in a cup of coffee, the 
brown liquid quickly suffiises the whole lump. When a 
fresh wick is allowed to depend into the oil-reservoir of 
a lamp, the fluid speedily travels up the fabric. When 
a sheet of blotting-paper comes in contact with a drop of 
ink, the latter rushes into it with a celerity ihat would 
astonish us were we not familiar with the sight from our 
copy-book days onward. These are instances of capillarity, 
and the phenomenon is dependent upon the presence of 
innumerable very fine tubes (Latin, capiUus, a hair). As 
the interoal diameter of these narrow tubes increases, so 
does the power of capillary attraction diminish. Myriads 
of such tubes exist in the soil ; and the finer the soil the 
more delicate, and consequently the more efficient, do 
these tubes become. On the other hand, the coarser a soil 
ifl, and the more inferior the tilth, the more do the delicate 
narrow tubes give place to others of wider bore. 

However dry and parched a cultivated soil may happen 
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to be, it 18 not necessary to dig very deeply before moist 
soil is reached. By digging to & much greater depth the 
water table, or line of water level in that spot, will be 
found; and it will be seen that from the water-level upwards 
the earth ie moist, though the actnal soil has lost all, or 
nearly all, its moisture. Why should it not he moist up 
to the surface? Is it because the surface is so largely 
exposed to evaporation ? Partly so, no doubt ; but it is 
a question not ao mnch of evaporation as of capillarity, 
that is, of tilth. The capillary tubes, having lost most of 
their moisture by evaporation, have cnunbled to form other 
more open tubes, too broad for the water to travel along, 
and hence the sorface soil has been deprived of those 
myriads of minute invisible conduits which would have 
enabled it to continuously draw its snppliea of moisture 
fi'om the reservoir below. Had the surface soil been kept 
in a state of fine tilth, — and this can be done by stir- 
ring it safBciently frequently,— the moisture would have 
travelled up from below to replace that which evaporated. 
When rain falls upon the soil, some of it sinks down to 
replenish the stores below ; but during the season of active 
growth, and particularly in a droughty seaaon, there is 
a movement of moisture from below upwards. This mois- 
ture replaces that lost at the surface by evaporation ; and 
its direction is such that it tends to keep the soluble plant 
food where it is wanted, that is, abont the roots of the 
plants. If enough water be poured into a saucer in which 
stands a flower-pot full of earth, the surface of this mould 
will at length become moist, and the water will necessarily 
have travelled upwards by capillarity. But here another 
important point comes in. If all the capillary tubes are 
open to the surface, evaporation can proceed from them 
so freely that the underground store of moisture may be 
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insafBcieat to supply the coutinnons demand. Hence, 
again, it is desirable to keep the Burface Boil, by frequent 
stirring, in Bncb a state that the capillary tnbes are broken 
or interrupted a little below the surface. In this case the 
mere superficial covering of mould acta as a soil mulch; 
and, like a layer of leaves, or grass, or farmyard maaure, 
it protects the moisture beneath, as is well seen in the 
case of the experiment quoted on page 77. Hence, an 
occasional slight stirring of the superficial soil serves to 
conserve rather than to dissipate the tmderlying moisture. 
It cannot be too frequently stated, that land under crop 
gives up more water than a bare fallow, other circnm- 
stances being the same. But when it is remembered that 
all soil foods enter the plant in solution, and that the 
excess of water which thns travels into the plaut is 
evaporated at the leaves, the drain which growing crops 
must exert npon soil moisture becomes apparent. The 
rapidly growing sunflower is cultivated in large quantities 
in summer around dwellings in damp or marshy situations, 
because this crop keeps down excesBive moisture in the 
soil ; and it is often noticed how the wide-spreading roots 
of a large tree serve to keep the sruTounding soil dry, espe- 
cially during a period of summer drought. In this rela- 
tion, weeds assume a very important aspect. That they are 
thisTes of crop food is certain, bat is this the worst that 
can be said of them ? Do they not occasion far more mis- 
chief as diaeipators of soil moisture? In all probability 
they do. They spring up in a very short time in summer, 
they grow rapidly, they soon cover the ground with a 
green mantle, and they suck the soil dry. Then it is that 
those crops which cannot be hoed begin to suffer; and very 
frequently it is thought that the manuring has been at 
fault, whereas a foul seed-bed is the origin of the mischief. 
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Viewed in this ligbt, the importance is enhanced of a clean 
seed-bed in a atate of good tilth. 

It is a matter of obaervation, that when a plongh-pan baa 
formed, or a layer of farmyard mannre has accamnlated 
beneath the soil, the over-lying soil Boon becomes dry, and 
speedily safTers from dronght. The explanation, of course, 
is, that the surface soil has been cnt off from capillary 
continuity with the moisture-laden earth below, and there 
has bwu no npward current of moisture to replace that 
which has been lost by evaporation at the surface. 
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THE CONSTITUTION OF SOILS. 

It may in general terms be stated that, within certain 
limits, a soil is fertile La proportion to the varied charac- 
ter of its ingredients, A soil composed entirely of one 
proximate constituent lacks the essential elements of fer- 
tility, hence it is that a pure clay, or a pare limestone, or 
a pure sand, is incapable of growing crops ; whereas a soil 
consisting of a suitable mixture of these ingredients is 
likely to be very fertile. Tuaaer wrote : — 

"All gravel and sand 
Is not tlie best Iftnd ; 
A rotten; mould 
Is Iftnd worth gould." 

Indeed, experience proves that a soil is best adapted for 
purposes of cultivation when it contains of — 

Sand (ailioeoos aod DOloareoiu) . tionx 50 to TO per cent. 

Clay „ 20 „ 80 „ „ 

Pulverized Limeatone . • • » fi » 10 „ h 

EumuB „ 6 „ 10 „ „ 

It ihas contains enough sand to make it warm, and per- 
vious to air and moisture ; enough clay to render it moist, 
tenacious, and conservative of mannres ; enough limestone 
to furnish calcareous material and to decompose organic 
matter; and, lastly, sufficient humcis to assist in supplying 
the alimentary needs of the plant, and to aid in maintain- 
ing the carbonic acid in the interstitial air of the soil. The 
"" o„,„, Google 
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reason that alluvial soila are generally so fertile ia the 
mixed mineral character they possess, owing to their having 
been nsimlly derived from the disintegration of varions 
kinds of rocks, and not from one kind only. Such a soil 
as that indicated in the above table is, however, the ex- 
ception rather than the mle in natnre, most soils being 
characterized by too great an excess of one or more of the 
ingredienfa. 

Thus, many soils consist chiefly of sand and clay ; and 
they have been classified according to the proportions of 
these substances present. When, in a soil of sand and 
clay, the latter forms not more than 10 per cent of the 
weight, a Handy soil results ; with 10 to 40 per cent, of 
day, a sandy loam; with 40 to 70 per cent, of clay, a 
loamy soil; 70 to 85, a clay loam ; 85 to 95, a strong 
day. With a stiU higher percentage of clay the soil 
approaches a pore agricultural clay. A mixture of clay 
and pulverized limestone — that is, a calcareous clay— con- 
stitutes a marl when the limestone is from 5 to 20 per 
cent, of the total weight ; should the limestone exceed 20 
per cent., a calcareous soU is the result. A mixture of 
sand and pulverized limestone produces a soil which may 
be termed, for want of any other word, a calcarene (Latin, 
calx, lime, and arena, sand). 

The reason that a mixing of two different soils usually 
effects an improvement is, that each is in a position to 
supply some of the deficiencies of the other. Not uncom- 
monly, this admixture takes place naturally, as where two 
rock formations of different mineral character crop out at 
the surface of the earth, side by side ; the soil along the 
common outcrop will be more fertile than the purer soil 
on either formation by itself. Numerous examples exist 
which corroborate this general rule, and, anticipating 
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vhat will subsequently be said, it may be instructive to 
cite a few of them at this stage. 

On the Mendjp Hills, in Somerset, the soil is derived 
from the Carboaiferous Limestone, and this formation 
on the lower slopes adjoins the Lower Limestone Shale ; 
the soil occurring along the common outcrop of the 
two formations is more fertile than that on either alone. 
In Northamptonshire, the Oolite, consisting chiefly of 
limestone, and the Lias, consisting in the main of clays 
and marls, crop out in very complicated ramifications, 
so much so that- the superincumbent soil is of a suf&- 
ciently varied mineral character to give rise to the rich 
and fertile districts around Rockingham aild Kettering. 
Occupying the central region of the Weald of Kent and 
Sussex is the Hastings Sand, surroanding which is the 
Weald Ciay;- the soil resulting from the weathering 
down together of the sands and clays along their common 
line of outcrop is better than that supported exclusively 
by either. The Chalk formation, overlaid naturally by 
poor light soils, affords an admirable esample of natural 
amelioration along both edges of its outcrop. Tho marly 
base of the Chalk rests upon the Upper Gfreensand, and 
their common outcrop is covered by a soil which, contain- 
ing na it does clay, sand, and limestone, is veiy fertile. 
The Famham hop-lands afford a good example of this case ; 
and similarly constituted examples occur in West Wilts 
and in the counties of Oxford, Bedford, and Cambridge 
The Chalk in turn is overlaid by the Woolwich and Read- 
ing beds (formerly called the Plastic Clay, and still com- 
monly referred to as such in agricultural works) ; in this 
case the common line of outcrop is marked 1^ a mixing of 
limestone (chalk) on the one hand with clay and sand on 
the other ; and the result again is a much better ssil than 
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either the Chalk or the Woolwich and Reading formation 
BQpports separately ; the free-working barley soi\a of part 
of Essex, and of other connties adjoiniiig the Thames basin, 
occar along this fortunate outcrop. 

There are other casee of natural miziiig not dependent 
upon a common outcrop. Thus, on the north side of the 
fertile valley of the Tees, calcareous particles of the Mag- 
nesian Limestone have been washed into the soil, rest- 
ing upon the New Bed Sandstone, and it is consequently 
generally good ; but beyond the reach of the ancient £ooda 
the soil is a heavy clay, expensive to cultivate. 

Since nature produces each satisfactory results by the 
intermingling of different kinds of soils, the example is 
one which is not lost upon the cultivator of the soil. 
Hence, indeed, arose the many familiar and well-approved 
agricultural operations known as chalking, liming, marling, 
claying, warping, and even paring and burning, all haying 
for their object the amelioration of the soil, and all capable 
of being regarded as an efTort to bring about artificially 
what, in the case of alluvial soils, and of those resting 
upon the common outcrop of differently-constituted for- 
mations, is effected naturally. 

The Tr'-as, or New Red formation, which occupies so 
much of the area of the Engliah Midlands, affords some 
typical examples of artificial improvement of soils. Where, 
on this formation, a red sand rests upon an underlying red 
marl, the Latter is brought to the surface and incorporated 
with the sand to form a rich friable loam of great fertility. 
The number of old marl pits in Cheshire bears witness to 
the extent to which the incorporation of transported marl 
with sandy soils has been followed in that district. The 
value of the Fen land is, or was, maintained by thfe occa- 
eiooal digging up of th" Oxford Clay (there known as the 
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ITeii Clay) beneath it, and incorporating this with the 
surface soiL £4 an acre has been paid for this work. 

Where the Drift deposits, conaiBting mostly of clay and 
partly of sand, left by the ice that spread over Britain 
inrisg the last Glacial Period, thin ont, or die away npon 
the surface, the commingling of drift soil with that of the 
underlying rock is inevitable, and the result is nearly 
ilways satisfactory. Numerous cases occur upon the 
Chalk in Norfolk and Suffolk, and upon the Oolite in 
Lincolnshire and Yorkshire. In the central valley of 
Scotland, watered by the Forth and Clyde, and extending 
from the metamorphic rocks of the Highlands on the north 
down to the uprising Silurian Lowlands on the south, the 
commingling of Old Bed sandstones and riiarla, Carbon- 
iferous shales and limestones, fragments of igneons rocks 
and glacial detritus, has resulted in the formation of an 
arable soil which, under judicious cultivation, has attained 
B remarkable degree of fertility. 

The foregoing examples, which might be multiplied indefi- 
nitely, all converge upon the teaching of one great lesson, 
which is, that the incorporation with any soil 'of mineral 
matter differing from it in composition and in testure will 
generally result in bringing it nearer to the character of 
the ideal loam. 

The formation of soils, both local and transported, is 
still in progress ; it always will be, so long as dry land 
exists, and the epigene or surface action of meteorological 
agents continues. The transported soils still in process of 
formation are chiefly either accumulations of rain-waah, 
or brick-earth, on the lower valley slopes ; or alluvium 
spread out oh the banks, or near the mouths, of rivers. 
The fertility of alluvial soils is proverbial, and it arises 
from a combination of both physical and chemical proper- 
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tisB. The fine Btate of mechaaical sabdivision on the one 
hand, and the varied mineral character of the rocks whence 
the detritns is derived on the other, contribute to this end. 
The Severn, which riaea among the Lower Silurian rocks, 
and derives ita waters from that aad nearly all the inter- 
vening strata up to the Lias, deposits in its lower reaches 
Kn alluvium of an extremely mixed mineral character well 
displayed in the fertile vale of Berkeley. Within certain 
limite, it may be taken almost oa a geological axiom, that 
the fertility of a soil will be greater the more varied is its 
lithological character. 

The influence of the underlying solid formation on the 
Buperjacent soil must obviously be controlled to some ex- 
tent by the circumstance as to whether the soil is a local 
or a transported one. In the case of deep accumulations 
of Boulder Clay, the effect of the underlying rock is re- 
dnced to a minimum, and Boulder Clay soils, resting on 
very different formations, may be closely similar in their 
properties and capabilities, — variations in contour, aspect, 
and geographical position, rather than in the solid geology 
beneath, being then the dominating factors. But that 
the character of the underlying solid rock is capable of 
asserting itself is evidenced In, for example, the case of 
the Old and New B«d Sandstones and Marls, the partiality 
of orchard fruit-trees for which is as characteristic a feature 
in Scotland, where the Old Red in the Carse of Gowrie is 
masked by Boulder Clay or Till, as it is in Herefordshire, 
Gloucestershire, and Devonshire, where the soils are of 
more local origin. Below the southern limits of the Glacial 
Drift, local soils are the mle rather than the exception. 
They originate from the decay of the solid rocks, and, in 
the Oolites of the Cotteswolds, it is sometimes possible to 
Bee sections (see fig. 5) in which the gradations from 
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the solid rock below into the loose friable, though oft«n 
brasliy, soil above may be distinctly traced. In the case 
of the Carboniferous Limestone, and of the limestones of 
the Lias, Oolite, and Gretoceotts series, in the sout^ of 
England, it is, however, the residue from the chemical, 
rather than that from the mechanical, agents of disintegra- 
tion, which goes to form the soil. The solvent action of 
rain-water containing carbonic acid in solution results in 
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the removal, in the drainage waters, of the carbonate of 
lime of which these calcareous rocks mainly consist, the 
alaminons or earthly residue constituting a soil which is 
almost free from carbonate of lime. The analysis of the 
soil of an arable field on the Chalk slopes in South Hants, 
in a locality where the whitish chalk-rock is within half 
a foot of the surface, gave only 15 percent, of carbonate ol 
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lime ; and yet to plough more than about foar inches deep 
would resolt in bringing up enough chalk from the subsoil 
to ii^ore the soil to such an extent that it woald require 
the lapse of a number of years to restore it to its former 
condition. On the lower levels of the slopes of the Chalk 
Downs, where the soil formed in situ receives additions 
from tiiat which roils down the slopes, but yet, where all 
the soil is the offspring of the chalk-rock, the application 
of chalk to the laud is a familiar part of fai-m practice. 
Where the limestone soils are under grass, the covering of 
herbage protects the land from further mechanical degra- 
dation, and checks the denudation of the surface caused by 
the removal of rain-wash, but it cannot check solution ; 
indeed, the presence of decaying vegetable matter enriches 
the interstitial air of the soils in carbonic acid, so that the 
rain-water, becoming more highly charged thereby, acquires 
additional solvent power. The humic acid of all vegetable 
soils is likewise a solvent which most not be overlooked, 
though not much is known on this point. The chemistry 
of the carbon of the soil is, indeed, an almost uneKplored 
iield of investigation; still, it is important to remember 
that lie carbon of the soil is the source of much of the car- 
bonic acid of soil-water. As a mechanical agent — that is, 
mechanical as regards the effect produced — in the disin- 
tegration of soils, the earth-worm is equally active both on 
arable and on pasture land, but in view of the work the 
plough does on arable land, it is, perhaps, entitled to a 
place little inferior to that of the earthwon- as a geological 
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Igneous Bocks. — Qranite Boils owe what fertility ttey 
may possess to the decomposable nature of the felspar, 
and (if present) of the {lomblende ; the iron and magnesia 
of the latter contributing especially to make the soil 
prodactiTe, though even these will not avail much if, as 
is often the case, the soil is at any considerable elevation 
above the sea-level. In Cornwall and Devon the 
weathered blocks of granite have been removed from the 
surface and employed in making walls, and the enclosed 
fields have been brought into a fair degree of productive- 
ness. Qranite occurs in many isolated tracts in moun- 
tainous regions. 

Besides Dartmoor in Devonshire (fig. 3, p. 110), and 
varions parts of Cornwall, granite is exposed in the Lake 
district of England ; in Anglesey, Carnarvon, Merioneth, 
Cardigan, and other part£ of Wales ; in the Isle of Man ; 
and in the western Lowlands, in the Grampians, in Snther- 
landshire, and other localities in Scotland. In Lreland, 
granite is seen in various localities bordering the coaat, 
bat does not appear at the surface over the general 
inland area. The Monme and Carlingford Mountains, 
Slieve Croob, the Ox Mountains, and the Western High- 
lands, together with parts of the counties of Donegal, 
Galway, and of Dublin, Wicklow, and Wexford are some 
of the best-known localities. 

The term trap rocks is indifferently applied both to 

IDS 



SOILS AND THEIR, FROPEB.TIES. 



ancient volcanic rocke and to those Ignooua rocks, whether 
old or new, which were forced into fissures of overlying 
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rocks without reaching the surface (fig. 7). Where these 
latter are now visible they owe their exposure to the cir- 




cumstance that the superincumbent rocks have bean 
weathered away. The traps, being usually harder than 
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the anrrounding rocks, often stand 

out in prominent tabular maBsea, -^ 

thus forming a saccession of & -s 

terraces or steps on hill slopes. I . S 

Hence the word trap, from trappa, q g S 

Swedish for a flight of steps. ^ j 

Trap-rocks, on account of their S g 

more varied mineral composition, o f 

are more easily cmiabled and < j 

yield more fertile soils than S ^ 

granitic rocks ; their decay pro- 2 

duces soils consisting of clay, and a | 

containing potash, lime, magnesia, s ^ 

and iron (see Table VXII., p. 26.) g 1 

Decomposing trap is used as a d ■■ 9 

mineral fertilizer on other soils. | o | 

Trap-rocks occur in a few localities ^ < S 

in WftJes, in various parts of g S | 

Central and Western Scotland, 3 * g 

and in the soath-east of Ireland ^ a -^ 

in the counties of Wicklow, Water- | = ^ 

ford, and Wexford, in addition " g 5 

to the Uiocene basalt of Co. Antrim 2 % 

in the north {fig. 8). g g 

I "^ 

PALi»zoic Series. — The Pre- s ' 

Cambrian or Laurentian rocks are s | 

of little or no agricultural imports 3 I 

ance in the British Isles. The S ^ 

only localities where they occur ^ ■** 

to any extent are the extreme '^ | 

north-west of Scotland and the J n 

islands of the outer Hebrides. ^ 

jj „„.„,Googl| 
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Tke Bouthem part of the north-west coast of Scotland, 
certain Welsh localitiea, the Chamwood Toreat district 
in Leicestershire, and two areas on the south-east coast of 
Ireland are Cambrian. The Irish localities are the Hill 
of Howth ; from Bray Head to the town of Wicklow; and 
irom Gahore Point southward along the coast of Co. Wex- 
ford. As the Cambrian consists chiefly of hard slaty 
rocks, it yields either poor thin soils, or cold clays difficult 
to work and only amenable to high-farming. 

SiLORiAS. — Nearly the whole of the Scotch Highlands, 
a great part of the Lowlands, most of Wales, Cumberland, 
and large areas on the east, west, and north coasts of 
Ireland are occupied by Silurian strata, which are fre- 
quently highly contorted and metamorphosed. Hard grits 
and slates are prevalent, and these being difficult of 
decomposition, little soil is formed, especially on the more 
elevated lands, which are therefore entirely devoted to 
pasture. At the feet of hills, however, and on slopes 
where glacial detritus has been mixed up with the decay- 
ing rocks, as in the Scotch Lowlands, the soil is fertile 
under good cultivation. In Wales the Upper Silurian 
forms cold muddy clays, difficult to work ; but in Shrop- 
shire the Ludlow beds, around the town of that name, 
crumble down into a fertile soil. Arable soils derived 
from the Silurian are also seen in the counties of Car- 
marthen, Radnor, Shropshire, and West Herefordshire. 
Most of the remaining Welsh Silurians are under pasture. 
The accompanying section (fig. 9) illustrates the lie of 
the Silurian rodts between Ledbury and the Malvern 
Hille. 

Old Rbd Sandstone ahd Dbvoniah. — Under thic. 
head are grouped two very different kinds of rock, the 
Old Red Sandstone embracing rooks consisting chiefly ot 
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reddish and greyisli Bandstonea, and the Devonian com- 
prising strata which more nearly approach the succeeding 
Carboniferous Limestone, being made up of alaty rocks, 
grita, sandstones, and limestones. In the British Isles the 
beds of the Devonian type occur only in Comwal], South 
Devon, North Devon, and parte of Somerset. 
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The Old Red Sandstone in England and Wales extends 
from near Bridgenorth, in Shropshire, through a consider- 
able area of Herefordshire, Monmouthshire, and Breck- 
nockshire, into the counties of Glamorgan, Carmarthen, 
and Pembroke. It occupies numerous tracts in tke 
Scotch Lowlands, on the sonthemflankB of &e Grampians, 



and on the north-east coast of Scotland, also in the south- 
west of Ireland, and at various outcrops in the central 
plain of that country (fig. 10). In no county is the Old 
Bed Sandstone seen to better advantage as a soil than in 
Herefordshire ; there the lower divisions of the Old Bed 
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contain a great number of rounded pieces of impnre lime- 
stone, called " comstones," often embedded in marl, the 
whole decomposing into a soil ofgreat fertility, its reddish 
colonr being doe to the presence of a considerable per- 
centage of oxide of iron. As the comstones do not allow 
water to pass through them without difficulty, it some- 
times happens that when these form the subsoil the 
overlying soil is injured by the throwing up and retention 
of water. The Old Bed yields one of the best natural 
pastures, and is the home of the far-famed breed of 
Herefordshire cattle ; when coltlvated, the soil gives fine 
crops of wheat and barley, and in some localities of hope, 
whilst its apple and pear trees have obtained for Hereford- 
shire cider and perry a wide celebrity. The superiority 
of the Old Red soils over those of the adjacent older 
rocks is very apparent to the traveller journeying from 
Herefordshire westward into Wales. 

The upper members of the Old Bed Sandstone form a 
country the outline of which is usually hilly and undu- 
lating. The soil is pale red and stony, often only slightly 
productive, and is frequently left in moorland, which is 
sometimes wet and boggy. Examples may be seen upon 
the Uendip Gills of Somerset. 

Carboniferous Limestone. — This formation, where it 
occurs in greatest purity, is a hard bluish limestone, and 
from the fact that it often rises into bold hills, as in the 
Peak of Derbyshire (fig. U, p. 116), and lends itself to the 
formation of fine cliSs, scarps, and gorges, as in the Mon- 
mouthshire Wye Eind the Bristol Avon, it was formerly 
termed the Mountain Limestone. It usually occurs in Great 
Britain shirting the Millstone Grit that surrounds most of 
the coal-fields, and is seen in South Devon, parts of Somer- 
set and Monmouthshire, and in Derbyshire, where it is 
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several thouBand feet thick. When traced « 

northwards into Northumberland and to I 

the Vale of the Forth and Clyde, it is & g 

found to have greatly deteriorated in qual- S "% 

ity, being split up by intercalated beds of " « g 

sedimentary material. The Carboniferous g |- 

Limestone plays the same important part ^ o 

in Ireland as that taken by the Lower g g 

Silurian in the Scotch Highlands, for g i 

nearly the whole of the great Central g „- 

Plain of Ireland is occupied by it. AU | ^ 

this area was once covered by coal, which g -I 

has been removed by denudation. Even ^ | 

now, however, the Carboniferous Lime- | ^ 

fltone itself is not generally visible on the ^ a S S 

plain, as it is mostly covered up by beds SJ I | 

of limestone gravel, by boulder-clay, by fi| „ I 

shallow lakes, or by extensive peat-mosses I S 

which occupy the positions of lakes that ■■ | 

once existed. The Carboniferous Lime- « ■ 

stone is dry at the surface, and sends out g % 

springs at the base; its local soilis usually '^ a 

thin, and consists of a fine vegetable S •% 

mould mixed with broken fragments of | | g 

limestone. The natural herbage, amongst | | ^- 

which the sheep's fescue-grass, Festuca » | 

ovina, L., is prominent, is very good, sheep j | 

showing a marked preference for it, and '^ g 

gazing it close to the ground. For this £ I 

leaaon, and because of its great elevation | 1 

in some districts, as in Derbyshire, it is 1 a 

mostly left in natural pasture. As it is J ^ 
favourable to the growth of timber, it is 
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frequently well wooded. It is largely cultivated in the 
Keodip HiUa, where It yields good crops of oats, barley, 
clover, and roots, the situation being too high for the 
profitable growth of wheat. Lower down, however, where 
tha limestone and the underlying shales crop out together, 
the mixed Boil produces good crops of oats and wheat. 

MiLLSTONB Qbit. — This deposit fringes most of the coal- 
fields, as may be well seen on the map in the case of the 
South Wales coal-field. It occurs also in Devonshire, and 
in the district occupied by the Pennine Ghain,^ separating 
the Goal-fielda of Lancashire and Yorkshire; likewise 
in a few localities amongst the Scotch Coal-Measures. It 
occupies several large tracts around the Carboniferous 
Limestone of Ireland, notably in the Bonth-west. The 
soil of the Millstone Grit is of a poor gravelly character, 
and where the subsoil is of clay the overlying gritty beds 
become swampy. This formation is usually covered by 
worthless heaths or moorlands, the appearance of which 
contrasts anything but pleadingly with that of the adja- 
cent Carboniferous Limestone. 

Coal Measuses. — The shales, clays, and sandstones, that 
crop ont as the partings between the beds of coal, form at 
the surface a wet yellowish clay, the natural produce of 
which is sedges and heatiis with but little grass. Where, 
however, there is a large proportion of sand the soil 

' This lODg, gently sloping table-Und, forming moors and moBBes, 
feUa aod forests of many names, rarel; Binking bo low as a tlionssad, 
and often ezoeeding tno thousand feet above tlie Ben, ia Bometimes 
spoken of aa the Pennine Chain ol England. The liveis that run 
down its eaatem slope have cat deep winding vallejs into the rooks 
below, and expose the bade bo olearl; and frequently that the miners 
have given names to their different gronpB by which thej tamiliatly 
distiagaish them. Airedale, Wharfedole, Wensleydale, Swaledale, 
leesdale, Weardale, are some of the beat-known of these valleyH. — 
Jnkes'B ilattual of Otology. 
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becomes fairly productive, and is better utilised as arable 
land than for pasture. The fine deep soil in which is cul- 
tivated the liquorice-root employed in the manufacture of 
" Pomfret Cakes," is largely made np of the ddbris of the 
Pontefract Sandstone, a member of this series. The 
soils of the Coal-Measures, as -well as those of the under- 
lying Millstone Grit, require, after draining and cultivat- 
ing, the application of lime, which assists to bring the soil 
into sufficiently good condition to yield fair crops of 
wheat, oats, turnips, and clover. The chief coal-fields of 
England and Wales are those of Soath Wales, Bristol and 
Somerset (fig, 12), Forest of Dean (Gloncestersliire), Shrews- 




bury, Coalbrookdale (Shropshire), Flintshire, Denbigh- 
shire, Anglesea, North StafFordahire, South Staffordshire, 
Warwictshire, LeiceBtershire, Derbyshire and Yorkshire, 
Lancashire, Cumberland, Durham and Northumberland. 
In Scotland are those of the Clyde Basin, Midlothian, Fife- 
shire, Clackmannan, Ayrshire, and Upper Lesmahago. 
The Irish coal-fields are those of Leitrim, Tyrone, Antrim, 
and Kilkenny. In the immediate vicinity of coal-pits, the 
conditions which exist are not favourable to vegetation, as 
will be evident to anybody who has passed through, for 
example, the " black country " around Wolverhampton. 

The " Carbonaceous " rocks of Devonshire received the 
name of Culm-measnres, becaose culm, which is a variety 
of anthracite, was obtained from them near Bideford, and 
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in other localities. They occupy a trough between the 
Devouian rocks of North Devon &ud West Somerset, aad 
those of Soath Devon and Cornwall. The shales which 
occnr amongst them are locally termed " Shillet," and the 
sandstones are called "Dtmstone." The soil being mostly 
poor, the area is largely occnpied by rough pasture, wood- 
land, and moorland, diversified, however, by very charming 
river scenery. 

BOTHLIEGENDB (German, red layers). — To this group be- 
longs a series of marls and Bandstones of Permian age, 
oeen in the Vale of Kden, in a few localities in the south 
of Scotland, on the Cumberland coast, in Shropshire, and 
in the vicinity of the coal-fields of the English Midlands. 
Their soils are similar in most respects to those of the 
Trias which are described on page 1 23. 

Maoiiesiam Limestone.— This, also of Permian age, 
forms a narrow strip of land, on the east side of the Coal- 
measures, extending from Nottinghamshire up to the 
north side of the Tyne, there being a break in the con- 
tinuity in Yorkshire. Magneaian differs from ordinary 
limestone in containing, besides carbonate of lime, a 
variable quantity, even aa much as one-half, of carbonate 
of magnesia. Excess of magnesia in a soil renders it 
uneuited to plakJ-growth. The Magnesian Limestone 
soils are thin, light, dry, and easily crumbled, and are 
mostly under the plough, good crops of wheat and barley 
being the reward of high-farming. William Smith gave to 
it the name of Redland Limestone, which is now obsolete. 

The Pakeozoic strata, a description of the soils resting 
upon which has now been given, are practically confined 
to certain parts of the British Isles. Thus, both Ireland 
and Scotland are almost exclusively occupied by these old 
rooks, the most notable exception, perhaps, being that of 
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the fertile basaltic p1at«aa of Co. Antrim in the foinaer 
conntiy, whict dates back only to the Tertiary epoch. In 
England and Wales, again, the coontiea of Devon and 
Cornwall, the whole of Wales with Monmonth, Hereford- 
shire, and Shropshire, and that major portion of the six 
northern counties which lies west and north of the Pennine 
Chain, are likewise entirely occnpied by tha outcrops of 
Palseozoic strata, with bosses of igneous rocks rising np 
here and there, just as they do in Scotland and Ireland. 
It is a noteworthy fact, that most of these Palaeozoic areas 
are nnder permanent pasture ; and this is due not only to 
the nature of the soil, but also to considerable elevation 
above the sea, as in the natural pastures of Wales, Cum- 
berland, and Derbyshire, and likewise to the excessive 
homidity of climate to which the Irish, Welsh, and Cum- 
brian grazing lands are subjected. The nature of the 
soil and the prevalent moisture combine to make Ireland, 
for example, essentially a grazing, and therefore a stock- 
breeding, rather than an arable country. The statement 
made respecting the general character of the Palaeozoic 
strata must, however, not be received in too wide a sense, 
as there are certain exceptions, notably in the case of the 
Old Bed Sandstone, and of the red and yellowish sand- 
stones and marls (Kothliegende) of Permian age, as wit- 
ness the Old Bed arable soils which attain their highest 
perfection in the fertile county of Herefordshire, and the 
excellent soils which have resulted from a commingling of 
boulder-clays and Permian rocks in the beautiful Vale of 
Sden. Again, it has already been noted that, in the cen- 
tral valley of Scotland, watered by the Forth and Clyde, 
and extending from the metamorphosed rocks of the Higli- 
lands on the north down to the upriaing Silurian Lowlands 
on the south, the commingling of Old Ked sandstones and 
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marls, Carboniferous Bhales and limeBtones, fragments of 
igaeons rocks, and glacial detritns, has resulted in the 
formation of an arable soil which, under judioions cnltiva- 
tion, has attained a remarkable degree of fertility. 

Mesozoio Sebies. — In giving an account of tlie soils 
lying on rocks of MeBOzoic and Cainozoic age, the descrip- 
tion will, of course, apply almost esclnsively to England 
alone, and, roughly speaking, to that part of it which 
lies to the east of a line that may be drawn on the map 
from the month of the Tees to that of the Severn, th- 
only notable portion west of this line being the Cheshii 
Plain. Beneath these younger rocks the older FaUeozoic 
locks of the West dip away eastwards (fig. 13), so that 
if a sufBciently deep borbg were made in one of the 
eastern counties it would probably pierce, at last, the 
underlying Paleeozoic beds. The Carboniferous strata 
which contain the coal-field of South Wales appear, in 
this way, to dip down under the younger beds of the 
counties between South Wales and Kent, ^d then, on 
the other side of the North Sea, to rise again in the 
Belgian coal-fields, thus forming a great synclinal curve. 
Tlie recent finding of coal by a deep boring at Dover is 
quite consistent with, and indeed confirmatory of, this 
supposition. The strata now to be considered have not 
been violently contorted and disturbed like the older 
ones of the West, nor do they show indications of meta- 
morphism. They are made up chiefly of alternating series 
of sands, sandstones, clays, and limestones, with all the 
intermediate forms of these sedimentary rocks. 

The reader Is already familiar with the Old Bed Sand- 
stone, a name ovsr which Hugh Miller cast almost a poetic 
glamour by the fascinating description of his researches 
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amongst the strata which are immediately antecedent to 
the Carboniferona aerira. The term New Red Sandstone 
was originated to denote all the red rocks that occur be- 
tween the Coal-measures and the Lias, and to distiognish 
■Jiem from those which underlie the Carboniferous. Sub- 
sequently the New Bed Sandstone was divided into^ 

Trias, 

Permian, 
and the term is now restricted to one section only of the 
upper of these two aeries. There is, however, a note- 
worthy similarity running through the Permian and 
Triassic series, which consist, in the main, of red, yellow, 
and variegated sandatonea, conglomerates, and marla, with 
occasional beds of limestone. The group, states Mr. 
Woodward, forms a conspicuous band, stretching across 
England from the mouth of the Teoa, near Redcar and 
Hartlepool, to the mouth of the Ese, with a branch run- 
ning to the month of the Mersey, thus marking off the 
Palaeozoic ground of the North of England, of Wales, and of 
the South-west of England from the Secondary and Terti- 
ary tracts which lie to the east and south-east. Another 
area of the red rocks occupies the Vale of Eden, to the north 
and east of the Lake District, The Permian and Triassic 
rocks are, on acconnt of their prevailing red colour, fea- " 
tures of equal prominence in the landscape ; and the " red 
ground " and " red rocks " have given names to such places 
as Retford, Badford, BadcIifTe, Radstock, and others, 
whilst in Worcestershire there is the village of Red- 
marley between Newent and Upton-on-Severn, The red 
cliffe between Seaton and Torquay impress all who aeo 
them ; while the red soils, and the deep red lanes, charac- 
terize the country at many placea inland. The red colour 
of the rooks is in manj cases due to the component par- 
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tides bBviag being coated with films of peroxide of iron 
during tlie deposition of the beds. 

The teiTii Trias originated in the circnmstance that on 
the Continent of Eorope this fermation exhibits thi-eo 
distinct divisions, the Kenper, the Uuschelkalk, and 
the Bimter. Although the middle group appears to be 
absent in England, the whole formation is nevertheless 
distinguished by the Continental name of Trias. Banter 
means variegated, and Kenper u a provincial word oaed 
by the miners of "Western Germany, 

Trias. — The Bnnter Sandstone, or New Bed Sandstone, 
as it is also called, is seen in parts of YorkBhire, Cheshire, 
Lancashire, and Central England. The reddish and varie- 
gated sandstones often yield a deep, dry, sandy soil, the 
fertility of which varies according to the nature of the 
subsoil. When the latter is of clay, the overlying soil 
becomes cold and wet, and requires draining ; when the 
underlying subsoil consists of marl or marly Bandstone, 
- it is worked in with the soil to form a rich red loam pro- 
ductive of luxuriant crops of every kind. The Keuper, or 
New Hed, marls form fine rich meadows and pastures, the 
Cheshire cheese being the most noted product of the latter. 
The Trias, taken as a whole, is the most extensive forma- 
tion seen on the surface in England ; it extends, with 
some interruption, from Devonshire, through Somerset, 
Gloucestershire, and Worcestershire, to Warwickshire, 
where it divides into two branches, one stretching away 
through Staffordshire, across the fertile plain of Cheshire 
into Lancashire, and the other ranging northwards through 
the Trent Valley in Nottinghamshire, and along a strip of 
land in Yorkshire, to disappear beneath the sea at the 
mouth of the Tees. At its widest port, from Shropshire 
to Nottinghamshire, the Trias is eighty miles across from 
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east to west. The sandy soils on some parts of the forma- 
tion are mnch improved by the application of marl from 
other parts, hence the nnmber of old marl pits in the Kea- 
per. The general fertility of the Trias may be estimated 
from the fact that the three highest rented counties in 
England rest chiefly on it, and it has the repntation of 
forming the best arable land in the conntry. In some 
parts of the New lied Sandstone, however, as in Cannock 
Chaee, there are beds of conglomerate (pobbles cemented 
together into hard rock); and when these appear at the 
surface they break ap into barren, gravelly soils, which 
aT« only bronght under cultivation with extreme difBcnlty, 
and even now in some localities form waste land, as in 
Sherwood Forest. Other parts of the formation, again, 
have been overspread with glacial detritus, and in this 
case also the character of the soil has saffered ; in the Yale 
of Clwyd, Denbighshire, however, where the New Eed 
Sandstone is so overlaid, the result of the commingling is 
a very fertile soil. As in the case of the Old Bed Sandstone, 
BO in that of the New, orchard fruit-trees seem specially . 
addicted to these red soils ; and the cider produced by the 
Trias of Devonshire and G-loucestershire rivals that frt>m 
the Old Eed of Herefordshire. 

The Bunter sandstone is one of the most prolific of the 
water-bearing strata. The Keuper marl, on the other hand, 
is not water-bearing. It is necessary, therefore, to pene- 
trate the latter before a suitable supply of water is reached, 
and this is generally found in the underlying sandstones. 

JUBASSIC. — Some of the richest agricultural areas of Eng- 
land are underlaid by rocks of Jurassic age. From th«:i line 
between Axmouth and Weymouth on the south coast away 
to the coast line between Eedcar and Filey, in Yorkshire, 
there itretches across England a broad irregular band of 
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strata, the older on the west and the 
younger on the east, and all dipping ^^ . 

f gently eastwards. This band attains go* 

its greatest width in the Midlands, .S|3 

where it extends from Rugby in the ^S^ 

west, past Huntingdon and St. Ives, ISj 

nearly to Ely in the east. Or, more j^j 

to the south, it stretches across the g' 

country from Worcester to east of | 

Bedford. The western and narrower 3 

part of this band consists of the out- S 

crops of the Lias rocks, and the eastern * 

and broader section of the outcrops H 

of the Oolites. The Lias and Oolite ^ d^i 

ore grouped together under the more g s^% 

general name of Jurassic, because they I ag.a 

happen to be well and typically de- ''^ "al^ 

yeloped in the Jura district of the B i|| 

Alps. Taking a general view of these u S 1.° 

strata, they have been arranged by S aP'-J 

geologists in the order indicated in H """^ 

the table on page 10, and a good n 

sectional view is seen in fig. 11. B 

Lias.— The word " Lias " is usually £ 

regarded as a mere corruption of the 
term layers, and it came into use '^ 

about a century ago. De la Beche l| S" 

recognised it, however, as the local ^ ,5 

term applied by the quarrymen of S»| 

Somerset to the beds or layers of |e| 

clayey limestone found in the lower Suw 

part of the series to which the name * 

of Lias is now given. The formation 
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consists of thick beds of bine and yellow clay, with part- 
inga of sandy limestones and shales. The clay and shales 
are impervious to water ; hence, near the oatcrop of the 
porons strata of the overlying Oolite, the sorfEtce of the Lias 
is cold and wet, so that rushes, sedges, and other water- 
plants are its natural produce. Atmospheric inflaences 
canse the clays, shales, and limestones to break np into a 
soft bat retentive day soil, which resists the plough, and 
therefore is frequently unsnited to arable culture, even 
when drained. Nevertheless, though expensive to work, 
persevering industiy has brought much of the Lias under 
the plough ; and cereal crops may, in snch oases, be raised 
ta advantage. In some localities, as in Somerset, the flaggy 
limestones are so near the surface as to impede the plough 
From the very stiff character of the soil, and its persistent 
retention of moisture, however, a considerable extent of the 
LiLJ is devoted to grass land ; and it supports some of the 
oldest pastures in the country, which, producing as they 
do beef and milk, cheese and butter, may well be termed 
" cheesy '' pastures. 

Stretching from Lyme Begis on the Dorset coast to 
Whitby on the Yorkshire coast, the Lias occupies extensive 
vales beneath the escarpments of the Oolite, whilst the 
harder strata of the Middle and Lower Lias again form 
escarpments overlooking other vales on the west. 

The Lower Lias soil is broshy, sometimes loamy, and 
frequently of a rich brown colour. On it are raised 
wheat, barley, oats, cabbages, turnips, mangel, beans, and 
occasionally teasels. The ground is mostly flat, or gently 
undulating and forming open vales. Stilton cheese is 
yielded by the milk of cows grazed on the Lias clays near 
Melton Mowbray, ir, Lieicestershire ; double G-loucester 
cheese is the product of the Lias clays in the Vales of 
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Gloncester and Berkeley, where they form the rich fertile 
meadows on the Severn side ; Cheddar cheese, again, is 
obtained from cows fed ou the pastures resting on the 
liias clay, New Bed Marl, and Alluyiam of Somerset. In 
some localities where the higher beds are exposed, the 
soil is very heavy, as in the Vale of Ilchester in Somerset, 
and the Vale of Marshwood in Dorset. The Lower Liaa 
is not, as a rule, a water-yielding series, but throws up 
water where porous beds rest upon it. 

The Middle Lias yields a rich soil formed by the decay 
of the Marlstone, which is a mixture of clay and sand 
with a considerable quantity of limestone. It forms, 
therefore, a strip of very fertile land overlooking the 
grazing lands of the Lower Lias. Apple-trees thrive on 
the Middle Lias of Somerset. The name of the county 
of Rutland (red land) is attributed to the prevailing 
colour of the soil ; that on the Middle Lias is very fertile. 
The water-supply of the town of Northampton is derived 
hvm the beds of the Middle Lias. 

The Upper Lias is less extensively developed than the 
lower members of the series. It is better known for the 
jet and the alum shale obtained ft^^m the strata of York* 
shire, and especially near Whitby, than for its agri- 
cultural features. Alum is now made from coal-shale 
80 that the economic importance of the Upper Lias is 
less than it used to be. Still, the Upper Lias clay is 
largely used for making bricks, tiles, and drain-pipes. 

As to the geographical distribution of the Lias, it must 
be apparent, from what has been said, that the Lias 
stretches as a very irregular strip from Lyme Regis, on 
the Dorset coast, to the mouth of the Tees, on the Nortli 
Torkshire coast. It extends, then, from Dorset, throngb 
Somerset, to Gloucestershire, in which county it fonns . 



128 SOILS AND TSEIB PROPERTIES. 

1 1S .| J under the shadow of the Cottes- 

;3 "^^ tcoHb, the dairy districts in the 

^-11 Vales of Berkeley, Gloucester, 

J I audEvesham ; thence it stretches 

avay through Worcestershire 
aud Warwickshire into the coun- 
ties of Northampton, Leicester, 
Nottingham, Lincoln, and York. 
■^ I Much of the milk which arrives 

|iq.^ daily in London is off the Lias. 

^ ;| Fig. 15 illustratdB a general 

js . section through East Leicester- 

i| .§ shire. 

■^ Oolite.— The term Oolite 

originated with William Smith, 
the "Father of English Geo- 
logy." It is derived from two 
Greek words (oon, an egg; 
lithos, stone), and is applied to 
limestones built up of small 
rounded particles of calcareous 
matter, cemented together and 
resembling the roe of a fish. 
Most of the limestones of the 
Oolite series possess this struc- 
ture, which is well seen in the 
Inferior Oolite, the Great or 
Bath Oolite, and the Portland 
J Oolite. Pisolite, pisolitic lime- 

oq stone, and peagrit are names 

given to oolitic rocks, the par- 
ticles of which approach the 
size of a pea or a bean. The 
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gi-eat Oolitic formation does not consist exclusively of 
limestones, however, there being several important argilla- 
ceous members, such as the Oxford and Kimmeridge Clays, 
besides arenaceous strata, as seen in the Midford and 
Northampton sands. FisaUe sandy limestones, locally but 
incorrectly called slates, such as the Stonesfield Slate, also 
occur. The EngHsh Oolites exhibit considerable local 
modifications, and it is no easy matter to exactly corre- 
late them as seen, for example, in the South-west of Eng- 
land, in the Midlands, and in Yorkshire. Trending in an 
irregular line on the east of the Liassic outcrops, from the 
coast of Dorset to that of Yorkshire, they form fine bold 
hills, well exemplified in the Cotteswolds of Gloucester- 
shire, the Clifif of Lincolnshire, and the Hambledon and 
Howardian Hills' of Yorkshire. The limestone beds are 
seen as prominent ridges above the clay vales of the Lias, 
and nowhere is a better example afforded of escarpments 
than to the railway traveller who looks eastward from 
the Severn valley between Gloucester and Cheltenham. 
The Oolites form much of the hilly ground which under- 
lies the Yorkshire moors, whilst in the Midland and 
Southern counties they are overlaid by rich corn-lands and 



The Midford Sands, bo called irom a village some three 
miles south of Bath, are micaceous yellow sands with 
calcareous concretions. They crop out in Dorset, Somer- 
set, and Gloucestershire, aiid support generally a fertile 
soil. They were formerly called the " Sand of the Infeiior 
Oolite," and they form conspicuous grassy knolls near 
Bridport, still better examples being seen in Glastonbury 
Tor and Bront Enoll. Farther north, the Northampton 
Sand yields a fairly rich soil. 

The Inferior Oolite is seen in its highest degree of 

K 
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development in the GottflBwoM Hills of GloucesterBhiro, 
especially aronnd Cheltenkam, whence it stretches north- 
ward to Bredon Hill, in Worceatershire, eastward to 
Sarsden, in Oxfordshire, and southward to Sherborne, 
YeovU, and Bridport, in Dorset The soil is reddish 
brown and brashy, and the generally hilly ground is 
sometimes almost barren, though good corn land is met 
with where the soil is sufficiently deep. The Cotteawold 
Hills were long in a state of natural pasture, and chiefly 
grazed by sheep ; much of this district ia now under the 
plough, and roots, clover and cereals are grown even on 
the summits of the hills, though the soil is mostly thin, 
poor, and brashy. The prevailing timber-tree on the 
Cotteswolds is the beech, which prefers a limestone soil ; 
the ash and the elm grow leas freely, while the oak, 
which luxuriates on the Lias claya, is scarce on the 
Oolites of the Cotteswolds. 

The Lincolnshire limestone, a section ot the Inferior 
Oolite, yields a light soil not of much value ; but good 
barley is grown in some diatricts. 

The Fuller's Earth is a clayey deposit of only local 
interest. The land ia usually heavy and wet, and not 
very productive, but on the alopes of the Cotteswolda the 
loose ruller'a Earth rolls down on to the soil of the 
Inferior Oolite, the fertility of which is improved by the 
admix tare. 

The Great or Bath Oolite is a shelly limeatone which 
supports a thin stony soil, not difficult to work, but too 
elevated and not deep enough for productive cultivation. 
It is best adapted to turnips and barley, but wheat ia 
also grown on it. It is chiefly seen around Bath, in 
Gloucestershire, and on the borders of Oxfordshire, 

The Forest Marble and Cornbrash soils are of a clayey 
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nature, dae to partings of clay between the flag-like 
beds ; thoagh poor, they may be greatly improved by 
drainage and cultivatioii, and then yield fair cropa of 
cereals, pulses, and roots. The Gombrasli, though but a 
thin deposit, is remarkably persistent across England. 
As its name indicates, it is well suited to the growth of 
com. In the southern counties its outcrop is occupied 
by a line of villages which have thus been located, not 
only on account of the fertility of the Combrash, but by 
the circumstance that this porous rock, resting, as it 
does, upon the impervious Forest Marble, is a collecting- 
groond for water. 

The clays of the Oolite form close, sticky, aometimes 
calcareous soils, scarcely adapted for arable land, bat 
producing, after thorough drainage, rich pastures not 
unknown for the quality of their dairy .produce. The 
Oxford Clay, which in some localities is twenty miles 
' wide, joins the Kimmeridge clay in Huntingdonshire ; and 
in Lincolnshire they appear to be one continuous forma- 
tion. The name Oxford Clay was given by Conybeare in 
1822. Commencing near Weymouth, the Oxford Clay 
stretches across the Yale of Blackmoor, past Trowbridge 
and Melksham, to Chippenham, and from Wiltshire into 
Oxfordshire, in which latter county it attains its greatest 
development. From Oxford the outcrop extends to Bed- 
ford and Huntingdon, and it underlies much of the 
western portion of the Cambridgeshire fens and those 
which adjoin Huntingdonshire. Still farther northward 
the Oxford Clay is seen near Scarborough. So stiff and 
stubborn a clay is best in permanent pasture, and this 
is the case upon most of the area. To obtain well-water 
it is necessary to sink through the Oxford clay into the 
anderlying Eelloway rook. The cheese of StUton in 
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Hnntingdonehire, the North Wilts cheese, and the blue 
Dorset cheese, are the prodace of the Oxford clay. 

The Gorallian eeries, including the Coral Eag, is im- 
importaut. The soil is of a light brashy character, 
yielding but poor paatore. These beds are nsnally water- 
bearing strata. 

The Kimmeridge Clay is of a dark bluish-grey colour, 
and is more or less shaly. It is named after Kimmeridge 
(or Kimeridge), in the Isle of Purbeck. It has an exten- 
sive outcrop, trending from south-west to north-east. It is 
well developed in Dorset^ and in Wiltshire it forms the 
wide expanse of North Wilts Clay, between Westbury and 
Devizes. In the counties of Oxon, Bucks, Hants, Lincoln, 
and Yorkshire, it is also weU seen. The cold, stiff clay 
forms broad vales with naturally unproductive soil, so 
that most of the land is under grass. The Aylesbury 
dairy district rests chie0y on the Kimmeridge Clay. 
Springs are scarce. Oaks, always partial to clay, grow 
well upon this formation, to which, therefore, William 
Smith gave the name of Oak-tree Clay. The fen-land, 
occupying the Bedford Level and a considerable part of 
LincolnBhire, rests upon a thick deposit of clay, which 
has been named the Feu Clay. In its lower portion this 
belongs to the Oxford Clayj and in its upper layers to the 
Kimmeridge Clay. 

The Upper Oolites are mostly in old pasture, being 
too expensive to work ; good arable land only resulting 
where clay and sandy limestone crop out together. The 
Portland Beds form bold hills which are usually reserved 
as sheep walks. 

Begarding the Oolite as a whole, it occupies a strip 
of land Teiy similar to the Lias, and lying on the east 
of the latter ; commencing on the Dorset coast, it extends 
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throngli parts-of the counties of Somerset, Wilts, Berks, 
Gloucester, Oxford, Bucks, Beds, Hants, Rutland, and 
LinGoln, and dies aivay on the south side of the Hamber, 
the clays re-appearing in the North Hiding of Yorkshire, 
west of Scarborough, In Northamptonshire the natam 
of the outcrop is such (see p. 103) that the Lias and Oolites 
ramify amongst each other very curiously, producing the 
fertile districts around B>ockingham and Kettering. In 
the Oolitic strip, thus stretching from Dorset to Yorkshire, 
the younger or upper members of the series, notably the 
clays, are on the east side ; thus, Huntingdonshire is 
occupied almost entirely by clay. The greatest breadth of 
the Oolites is along a line drawn from Stroud, through 
Oxford, to near Aylesbury, 

The CeetaCEODS system, equally with the Jura^ie, com- 
prises a series of strata of very varied lithological charac- 
ter. Sands and clays in the main prevail ; but as the 
group includes the Chalk, the name Cretaceous (Lat. creta, 
chalk) was applied to the entire system. Collectively, these 
Cretaceous strata occupy a veiy considerable proportion of 
the area of agricultural England, as they extend in a 
broad band from Norfolk in a south-westerly direction to 
AVilts and Dorset, and from Wilts eastward to the coast 
of Kent and Sussex. They also occur in Lincolnshire and 
in the East Eiding of Yorkshire, where they flank on the 
wast the allnvium of Holdemess. 

Wealden. — Of the Wealden group the lower series, or 
the Eastings beds, consist chiefly of fine sand, interstratl- 
fied with lesser beds of clay ; they produce a fine dry 
sandy loam, which, in dry weather, becomes quite a dust. 
Where the clay and calcareous sandstone weather down 
together, a light productive soil results. But where th« 
fine siliceous sand contains nodules of iron ore, a poor wet 
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soil, prodaciug uatarally heath and fnrze, prevails. The 
Hastings Sand occnpiea the middle of the Weald district 
in Eont and Sussex, where the steep-aided wooded valleys 
are called " gills," a t«rm quite oharacteriBtic of the 
Weald, bat in common use also in parts of Torkahire and 
other northem counties. 

The younger member, the Weald clay, forms a iringe 
roimd the Hastinga beds on the north, west, and soath ; 
its width varies from five to twenty miles, and it ia seen 
in Kent, Surrey, and SosBex. The soil it aapports is a 
damp, stifT, yellowish, siliceous clay, which is used ia 
some localities for making bricks ; indeed, so well is it 
adapted for this purpose, that it sometimes dries in the 
son as hard as a brick, and therefore it requires a con- 
siderable outlay to bring such a soil into good condition, 
thorough drainage being the first requisite. Nevertheless, 
some parts form a very active arable soil, jdelding wheat, 
oats, beans, and roots ; and here and there deep loams 
support some of the finest hop-gardens; much of it, how- 
4v6r, is in pasture. East of Tonbndge occurs the great 
spread of loam supporting the hop lands for which the 
district is celebrated. Down to within recent times most 
of the area occupied by the Wealden and Hastings beds 
was covered by forests, some of which still remain. This 
accounts for the termination hunt, so common in the 
local names — Wadhnrst, Gondhurat, Speldlurst, Pens- 
hurst, Ticehurst. From this circumstance too, the district 
received its name of Weald or Wold, meaning a woodland. 
The area is noted for its oak-trees, so that the Weald 
Clay, like the Eimmeridge, received from William Smith 
the name of Oak-tree Clay, a term also sometimes applied 
to the overlying Gaolt. Besides the sand beds included in 
the Weald Clay there also occur layers of limestone full 
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ef Bhells — the ao-called Sussex, Pot- 
worth, or Betheraden marble. In | 
Yorkshire the Speeton Clay is, in fi -^ | 
part, the representative of the Weal- I S 
den strata of the aonth-eaat of Eng- ^ ° '3 
land. « B * 

In his exhaustive memoir on the I I 

agricultoral geology of the Weald, g | 

Mr. W. Topley states that, generally g v 

speaking, the Wealden area proper q 

is characterized by a superabundance ,' l" 

of hedgerow timber, by broad strips > J 

of nnderwood called " shaws " in / ■■ 

place of hedges, and by small fields | ^ ^ 

and badly kept roads. ', -lil "^ 

LowEB Gbeensand. — The Lower ] g " g - 

Greensand forms a very narrow fringe i ■§ 9 ^ J^ 

along the north, west, and south of j o ^ § I* 

the Weald Clay, just as (fig. 16) the '. I « ^ J| 

latter surrounds the Hastings Sand ; I _| f- g 't-^ 

it also esteada as a narrow atrip on i S F 

the east of the Oolite from Dorset up , S 

to Norfolk, and occupies a similar '1 § g 

position in Lincolnshire and York- t G ^ 

shire. Its aoQ is generally very i "^ ^ 

siliceous, and frequently mingled < S | 

with silicate of iron ; it is therefore *^ If 

often barren, and considerable areas \ o j^ 

are in common-land, covered with ' g « | 

heath and fir. Where it becomes . '^. 

calcareous, as near Hythe, it is dry J " 

and productive, hops especially yield- E "2 

ing good crops. Mr. Topley states 3 ^ 



"njerA^OOl^lc 
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that the lo'west diviaion of the Lower OreeiiBaiid, the 
Atherfield Clay, should be clasaed lithologically with 
the Weald Clay, but it is separated on account of ita 
fossils. It is a stiff brownish clay, sometimes with 
limestone beds. The most important member of the 
Lower Greensand series is the Hythe beds ; it occupies 
the largest area, forms the most fertile soil, and yields 
the most valuable economic products. Throughout Kent 
it consists of beds of limestone (Kentish Kag), and of a 
calcareons sand or soft sandstone, known as " hassock." 
An admixtnre of brick-earth with the ragstone soil ia 
highly fertile. 

The Wobum Sands, near Wobnm, received aboat a 
century ago the name of the " Sand of Bedfordshire," 
They are of Lower Oreensand age, and are of interest in 
connection with the Experimental Farm which the Duke 
of Bedford has placed at the disposal of the EiOyal Agri- 
cultural Society of England. Professor Bonney points 
out that at Sandy, Bedfordshire, the Lower Greensand 
strata form a remarkably picturesque escarpment on the 
right bant of the Ivel; between that place and Potton 
they are cut through by the railway from Bedford to 
Cambridge. They consist of Carstone, and of buff or 
ochreous yellow sand. So sterile is the land in places 
that it supports little besides Scotch fir; and the extra- 
ordinary productiveness of the market-gardens in the Ivel 
valley above Sandy is largely due to the admixture of this 
light warm sand with the alluvial soil. The " coprolites " 
found in the Lower Greenaands of Buckinghamshire and 
Bedfordshire consist of wood mineralized by phosphate, 
casts of molluscs, bones, and shapeless lumps ; they are 
worked for manure. The Potton phosphatic nodnlea 
yield from 30 to 50 per cent, of phosphate of lime, and 
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those cl the Cambridge Greensand from 58 to 61 per 
cent. 

Gadlt. — The Gault and Upper Greensand form yet 
another border round the "Wealden area, separating the 
Chalk on the ontside from the Lover Greensand on the 
inside ; these beds iire also seen in Dorset, in the eonthem 
half of the Isle of Wight, (md as a fringe on the east side 
of the strip of Lower Greensand which, as already stated, 
extends from Dorset to Norfolk, and through parts of 
Lincolnshire and Yorkshire. The word Ghiolt is a local 
name in Cambridgeshire for an nnctnons clay. The Ganit 
is generally a bloish, sometimes greyish, calcareous clay, 
forming a strong, tenacious, stubborn soil, which is best 
sabdued by draining and applying some of the overlying 
Greensand ; useful crops of cereals and pulses may then 
be obtained. Mach of it is in pastnre, and it is known 
in some localities as " blackland." South-east of Calne, in 
Wiltshire, is a village called BlackZand, which is situated 
partly on the Gaalt, The soil is driest where it is covered 
by drift or alluvium, this being the case where the Ganlt 
is crossed by rivers on their way to pierce the Chalk es- 
carpment. In some places it is so very impervious that 
the water remaina on the surface, as in the Vale of White 
Horse, Berkshire. The areas occupied by the Gault are 
generally Hat and marshy, but in many localities oaks 
thrive upon it. The middle portion of the outcrop is the 
most productive, as it contains the greatest percentage of 
carbonate of lime and is practically a marl. 

Upper Greensand.— The Upper Greensand consists of 
soft, friable, calcareous sand, of a dirty green colour, due 
to glauconite ; and it yields a dry soil, excepting where the 
underlying Gault Clay throws up water. The soil, especially 
where it is the joint product of the Upper Greensand and 
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the overlying Chalk Marl, is one of the rioh^t in the 
conntry, and is easily cultivated. Where it becomes too 
light, an addition of Oanlt clay is the natural remedy. Its 
great fertility is doe to the presence of phosphatio nodules, 
or " coprolites," which provide a supply of phosphorus, for 
which most soils toe dependent on expensive manures, as 
superphosphate of lime, bone-dust, and guano. 

The Halm rock (or fireetone) is a local term used in 
Sussex, Hants, and West Surrey, to denote a hard, pale, 
calcareous sandstone of the Upper Gtreensand. The rich 
hop-district of Famham, Surrey, is on this rock. In 
Hants, at Hartley, near Selbome, it forms a cliff over- 
looking the softer beds of the Lower Gtreensand and the 
flat areas of the Gault woods, called " Hangers," growing 
on the sides of the cliff. 

There is a rich tract of TTpper Oreensand in Bedfordshire ; 
and other tracts occur in Bucks, Oxon, Wilts, and Somerset. 

Chalk. — The lowest member, the Chalk Marl, especially 
where it approaches the Upper Oreensand, supports, like 
the latter, a most excellent soil, which produces fine crops 
of roots, pulses, and cereals. To the Chalk itself less 
praise can be given, as its soils at the best are only of 
moderate fertility. The limestone of the liower Chalk is 
of a dingy white colour, owing to the presence of iron 
and clay; the Upper Chalk beds are whiter, and are freely 
interspersed with flints, which are usually of a black 
colour. The Chalk naturally prodaces short, thick pas- 
tures, to which sheep are addicted. In the north it forms 
the Yorkshire and Lincolnshire Wolds; in the south it 
rises into* the North and South Downs, the soil being very 
thin, so that the Chalk itself is within one or two inches of 
the grass. A good illustration of the difference between 
trcmsported soils and indigenous or local ones is afforded 
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by a comparison of the Chalk of the *| | 

Lincolnshire Wolda with that of the ■§ S ^ 

North and South Downs, In the for- ^ | 

mer locality it is mostly covered (fig. * o 

17) with snperficial deposits snch as - "^i; 

Boulder Clay, with glacial sands' and "^ D 

gravel; in the latter this is not the I ^^ 

case, consequently the Chalk of Lin- ° Si 

colnshire has not the bare and arid * *| 

appearance associated with this for- Ci 

mation in the southern districts, and | ti 

most of it has been converted into "-ll 

usefnl arable land. The Upper Chalk I || 

is more especially the region of sheep- " "^J 

walks, the Lower member yielding S "^ 

mors arable land. Excellent crops J S=. 

of barley are, in favourable seasons, S g.^ 
grown upon the Chalk areas of South 
Wilts, besides good crops of turnips, 
upon which sheep are folded. In some 

localities water has dissolved out much « !« ^ 

of the carbonate of lime from the soil, S 1% 

and left on the Upper Chalk a loose, o .° 

flinty soil, and on the Lower Chalk a S "" 

cold, stiff day, such as may be seen in ^ ^| 

the counties of Kent, Surrey, Hertford, B "t 

Berks, and Wilts. The soil resulting ^ jj sl 

from a mixture of the Lower with the S a &>. 

Upper Chalk is said to yield good root -^ H "? 

wops, especially of carrots, after deep " ^ ^„- 

forking. In Suffolk, West Essex, and | % 

East Hertfordshire, as In Lincolnshire, <d % 

to which reference has been made, the ^ ^^ ,- 






SOILS AND THEIR PROPERTIES. 



1" 


P i 


s 1 


^ h 






m 


n 1 




1!. 


aS ^' 


^lis= 




° "3 



[ 



agrjcoltural qualities of the soil are 
entirely altered, owiug to the surface 
of the Chalk being covered by glacial 
detritas. Besides the cotmties already 
mentioned, the Chalk ia seen in those 
of Snssex, Hants, Dorset, Oxou, 
Backs, Cambridge, and Norfolk, the 
lowest rented counties in England 
being on its soils. Because of the 
porous character of the rock, many 
of the ponds used to supply animals 
with water in Chalk districts require 
to be lined with clay. On account 
of the scarcity of wat«T on the Chalk, 
wells are sometimes sunk to a depth 
of 200 feet or 800 feet before reach- 
ing the water level. At the base of 
the Chalk escarpment (fig. 18j strong 
springs frequently occur ; and, after 
much rain, streams for a time run 
down some of the valleys, bat are 
inconstant. They are due to a 
temporary rise of the level of the 
water-table in the rock, and are 
called ftowmes— "nailboumes" in 
Kent, " winterboumes " in Wilts 
and Dorset, and " gipsies " in York- 
shire. In Wiltshire several villages 
include Winterboume in their name, 
for example, Winterbourne Gunner. 
At the bottoms of the dry valleys 
beds of flint, mingled with chalky 
loam, make an excellent soil. AVater 
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lying on clayey land, reBting upon Chalk, may be dis- 
charged through wells into the Chalk below. In Hert- 
fordshire chalk ia obtained by sinking shallow pits 
through the overlying clay; and these pits are after- 
wards used as outlets for drains. The presence of flints 
in the Upper Chalk and their absence in the Lower 
Chalk cannot be accepted as invariably the case. Flints 
are largely employed as road-metal ; but if used fresh 
from the chalk-pits, they are found to be brittle, and 
far leas durable than when allowed to weather for a few 
years in order to acquire toughness. The best flints 
for road-mending are those picked off the fields ; and on 
the arable sheep-farms of the Upper Chalk districts of 
Wilts and Hants, a good crop of flints can generally be 
secured after a field has been folded by aheep, the tread- 
ing of the animals bringing the fiints to the surface — in 
shepherds' parlance, causing them to " grow," 

Chalk is largely bnmt for lime, and it is also applied 
in the raw state to land. Even within the Chalk area it- 
self it is no imcommon sight in winter to see a field, rest- 
ing upon the Chalk, top-dressed with this rock. The 
reason is, that the soil, of local origin, consists of the non- 
calcareous residue of the Chalk-rock, from which, as is 
noted above, the carbonate of lime has been dissolved oat 
by the action of rain-water. The stiff red or blackish 
olay, known as " clay with flints," is thos a residue of the 
decomposition of the Upper Chalk, and, in the southern 
counties, is frequently improved by a top-dressing of 
chalk. The hollows in the chalk, called " pipes," or 
"sand-galls," which can often be seen on the side of a 
pit or of a railway-cutting, arise from the dissolving of 
the chalk-rock and the falling in from above of the over- 
lying sand or gravel to fill up the apace thus formed. 

uigivK -.Google 
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Probnbly no part of England has undergone less altera- 
tion during the last thousand years than the Clialk Downs; 
and the area occupied by them is but little more populated 
now than It was in Salmon times. The visitor to Stone- 
henge who gazes in every direction upon the wide rolling 
expanse of bare Downs which stretch between Salisbury 
and Devizes, is impressed by nothing more than by the 
solitude which prevails. A flock of sheep may bo seea 
grazing the short herbage here and there ; but the barking 
of the sheep-dog is the only accompaniment to the quaint 
"music" of the sheep-bells. The term "hazel" is ap- 
plied to the soils of the higher parts of some of the Downs 
— light, dry, friable, sandy loams, of moderate depth, rest- 
ing upon chalk rubble, or partially dissolved chalk, and 
affording in their natural state short but sweet sheep 
pasturage, but liable on the brows and sides of the hills 
to be washed away when under cultivation. In Dorset 
the soil on the more elevated parte of the Chalk district is 
a thin loam resting on mbbly chalk ; and where the soil 
is only two or three inches deep the land cannot be 
ploughed to advantage, as the mixture with the loose 
chalk is injurious. The poorest parts of the Downs are 
the steep acclivities overlooking the Vale of Blackmoor, 
and the most fertile are those which border the sandy 
(Eocene) district between Wimbome and Dorchester. 
Wherever the strata incumbent on the Chalk consist of 
deep sand and gravel the surface is generally covered 
with furze or heather, the latter seldom appearing where 
the Chalk is only at a shallow depth. 

Where timber grows upon the Chalk, beech is the 
characteristic tree. Juniper is often abundant, as also 
are yews that have weathered the storms of centuries. 
Box frequently grows on the face of the Chalk escarpment, 
as is the case at Box Hill and Boxley. 

L)in;« ...Google 
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In the Chalk Alarl of Cambridgeshire, between Cam- 
bridge and Hitchin, " coprolite " beds have been exten- 
eively worked ; and there are also coprolite-diggings at 
Shillington, in Bedfordshire, and at AahweU, in Hertford- 
shire. The phosphatic nodules, which are extracted by 
washing, yield about 300 tons per acre, and are worth 
some fifty shillings a ton. The diggers usually pay about 
£140 an acre for the right of digging, and at the end o£ 
two years the land is retnmed properly levelled and re- 
Boiled. 

Respecting the origin of phosphatic nodules, such as 
occur in the Chloritic Marls of the Chalk, Prof, Bonney 
has offered the following explanation. He points out 
that phosphate of lime is present in small c[uantities in 
the sea, in several rivers, and in numerous mineral springs ; 
it is found in many plant and animal remains ; and, in the 
form of apatite, it is met with as a mineral in many rocks. 
He considers that the phosphatic nodules are due to con- 
cretionary action, and have been formed by segregation 
out of mad saturated with phosphate of lime. The 
"ooprolites" in the Chloritic Marl of Cambridge he re- 
gards as derived from more extensive deposits of Oault 
age. 

The Chalk extends from England to the Crimea, and 
&om Bordeaux to the Baltic. 

Cxmozoic Series. — Above the Chalk occur a series of 
more or less loose aggregates of rocks comprising sands and 
gravels, clays and marls, but few limestones. They are 
altogether softer and less consolidated than the strata of 
the underlying secondwry series, between which and the 
deposits now in course of formation they constitute a 
transition group. The English Tertiaries are coniined 
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^ to a Bomewbat limited area in the east- 

^ era and southern counties, and only 

I ^ the Eocene and Pliocene formations 

J ^ call for special notice. 

S EoCESE.— The metropolis stands on 

8 this formation (fig. 19), whicli stretches 
3 from the Essex coast, far up the Thames 

I valley, to the borders of Wiltshire. 

jii S I Another tract on the south coast 

1 1 % ^ occupies parts of Dorset, Hants, and 

I Sussex, and the northern portion of 

E| I the Isle of Wight (%. 20). The 

"ja K lowest member of the Eocene series, 

^ "3 g comprising the Woolwich and Reading 

o jj Beds and Thanet Sands, was once 

H g known as the Plastic clay, and it 

^ J *> jS forms wide heaths in Hampshire and 

ll 2 Berkshire. The light sandy soil suf- 

9 fera from the presence of alternating 
§ beds of clay, which throw up much 
^ water ; to bring the soil into condition 
g J requires thorough draining, subsoil 
K ^ ploughing, and addition of some of 

Si g t the neighbouring chalk. The natural 

:e e produce is heather, furze, and a poor 

^ ^. grass, almost valueless. 

^ fi Professor Prestwicb recognises 

S - three types of the Woolwich and 

« "_ Beading beds. Firstly, — as seen in 

^ ^ the Hampshire Basin, and in the 

- London Basin all along the northern 

1 outcrop, and on the western part of 

the southern outcrop through North 
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Hants and most of Surrey,— ^ ^ 

the series is made up of mottled | ^ 

aud plastic clays, and of many- ^ | 

coloured eands, with louioa. " ^ 

Secondly,— in the eastern oorder | 

of Surrey, in West Kent, the § " 

border of East Kent, and partly ^ | - S' 

in South Essex, — they comprise | S 11 

grey clays and light-coloured ^ S m* 

Bands. Thirdly, — in East Kent, g ' 

— they take the form of sharp, S \ 

lighl^coloured sand. ^ "^ 

The London Cloy, which i-e- « I 

ceived its name irom William J I 

Smith in 1812, has a bluish or S !> 

brownish tenacious, occasionally ^ g I 

loamy sofl, which splits in dry 5 5 i^ 

weather, and so assists drainage, s £ a 

Much of it is in pasture, and it B "^ 

serves this purpose well, but is § 1 

too strong for roots, though it S = 

yields, after marling or liming, h 5 = 

fair crops of com and beana. o 
Elm, oak, and ash thrive upon 

it. As the London Clay is im- g oS 

pervious to water, the wells in S ""I 

and around London have to be B . 

sunk into the basement beds; g 

they are therefore deep, except- I g 

ing where the water is derived <° 8 

from superficial gravels lying g d g 

on the London Clay. It occn- J . W 

pies the London baaii^ and J f 

1 UigiVK^yGliiO^IC 
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Btretches from Windsor, in the wast, to Harwich, on the 
EasGX coast, and to Eeculver, on the coast of Kent ; and 
from north to soulji it extends from Barnet, in Hertford- 
shire, to Croydon, in Sorrey, its greatest width being 
abont twenty mllee. 

The Bagshot Sands appear next above the London Clay ; 
they occur to the eonth-west of London, on the sterile 
Bagshot Heath, and on the coast of Hampshire. Their 
soil is poor, light, and sandy, and is little cnltiyated, much 
of it remaining in heath or moorland, as in the New Forest. 
Host of the " Or^wethers " were derived from the Bag- 
shot Sands, thongh some came from the Beading Beds, or 
the basement^bed of the London Clay. They occur in the 
southern and south-eastern parts of England, and are relics 
of the Tertiary rocks which once covered the Chalk Downs. 
They are concretionary masses of sandstone which have 
been hardened by siliceons cement, and th^ have received 
the name of " Greywethers " from their vague resemblance 
in the distance to sheep. Other names are Sarsen Stone, 
Sarsden Stone, Druid Sandstone. The outer ring of Stone- 
henge is built of huge Greywethere. 

Pliocene.— The Pliocene strata occur in the extreme 
east of England, extending along the coasts of Norfolk and 
Suffolk, and partly into Essex. They consist of shelly sand, 
gravel, and laminated clay. The word " Crag " is a Suffolk 
t«rm for the gravel, the shelly parts of which used to be 
dug aa " marl " for agricultural purposes. The soils are 
sometimes so loose that after ploughing they become 
drifted by the wind; and after hot Acj weather the 
crops are light and almost scorched. These Crags form 
the repository of phosphatic nodules similar to those of 
the Upper Oreeusand, and as much as £70 an acre has 
been given for the right to dig over a two-acre field in 
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search of these valnable mineral fertilizers, 
the land itself reaping mach benefit from 
the process. Ooprolitea, yielding from 45 
to 60 per cent, of phosphate of lime, have 
been dug near Bawdsey, Boyton, Butley, 
Shottisbam, Sntton (fig. 21), and other 
parts of the Suffolk Bone-bed. The eaat- 
em comities are essentially the com- 
prodnciug districts of England. 
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A LLDViim.— Alluvial deposits are usually formed on the 
banks, and at the moaths or estuaries, of rivers. They 
consist of the silt and mud, gravel and sand, brought 
down by the waters of the river ; and being thus com- 
posed of the well-mixed detritus worn from the varions 
formations which the river-syetem drains, they are usu- 
ally very fertile, forming rich meadows and pastures. In 
Lincolnshire the process termed warping consists in 
allowing the waters of the rivers to flow over the land for 
the sake of the fertilizing deposit. In Egypt, again, 
the cultivation of the soil is entirely dependent on the 
periodic overflow of the Nile, for there is no rain. In 
England, allnvial soils occur on the banks ol ihe Onse, 
Derwent, Trent, and Humber, in the York and Lincoln 
district; on the banks of the Thames; and on those of the 
Bristol Avon, Monmouthshire Wye, Usk, and Severn, ter- 
minating in the broad flats bordering the Bristol Channel. 
The " haughs " of !Northnmberiand are likewise of alluvial 
origin. Under this head mention must be made of vege- 
table accumulations, such as peat-mosses, bogs, and 
swamps. Of the flat, ondiversifled country round about 
the Wash Sir A. C. Hamsay has given us a graphic 
picture.' On the west coast of Lancashire, in the estuary 

' The great plMH of tha Wash coaaists partly of peat on the west 

and gootb, bnt chiefl; oi silt. These biood flats, about aerentj milea 

in length from north to sonth, and lott; in width, inolnde an area of 

Its 
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of the Bibble, the Fylde plams somewhat resemble those 
of the Wash. One of the greatest difficulties ezpu-ienced 
in reclaiming allnvial tracts is that of drainage, as in the 
case of the onmonageable peaty soils of Scotland and 
North-'west Ireland. If, however, this lias been snccess- 
fnlly accomplished, a fertile soil is the almost certain 
reward. Thus the flat country known as the Bridgwater 
Levels, in Somerset, consisted, at the beginning of this 
century, of wet aseless bogs ; by efficient drainage, and 
top-dressing with river-mud, it has been gradually 
reclaimed, and now forms grazing-Iauds of tbe richest 
description, clovers and pasture- grasses thriving where 

more than 1,700 sqnars maes. The whole eonDtry is travened hj 
vell.dyked men, oui&la, draing, and tieacbM. Standing on the 
nurgin of the flat, or nalking an the long straight roada or d;kes, 
oheerfnlneaa is not the prevailing impreasion made on the mind. 
The ground looks as level as the sea in a oalm, broken only b; oeoa- 
■tonal diearr poplars and willows, and farm honies imprsasiTe in 
their loneliness. The soil of these feus, ere the oropi grow, is often 
Bsblaek as a tmea, the ditohea are slnggiah and diamal, and the 
whole effect is suggestive of ague. Windmills of moderate size stand 
out from the level as oonspiauons objects; and here andtbere the sk;- 
Une is pierced b; the mina ot Crowland Abbey, Boston Tower, and 
the massive piles o( the Cathedrals of EI7 and Peterborough on the 
margins of the flat. Tet it is not withont charms of a kind ; as, 
when at snnset, sluice and windmill, and tafted willows oombined 
with light clouds dashed with purple and gold, compose a landsoapa 
Bucli as elsewhere in Western Europe may he seen in the flats ol 
Holland. The same impression, in leas degree, is made on the banks 
of the Eumber, where the broad warped meadowa, won from the sea 
bj nature and art, lie many feet below the tide at flood, lor, walking 
in the fields behind the dykes, when the tide is up, good-sized vessels 
ma; be seen sailing on the rivers above the level of the spectator'a 
head. An old and entirel; natural loamy silt, somewhat of the same 
character, follows the course ot the Oase, and to a great extent, cover- 
ing the fertile Tale ot York, passes out to sea in the plains that border 
the TeeB.—Phyi. QeoL Ot. Britain. 
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once the bog-plants held nndlsputed sray. When a peaty 
Boil is drained, the heaths disappear, and the Yorkshire 
fog or soft grass, Holcas knatns, L. takes, at first, their 
place. Under aUnvial soils muBt also be classed the brick- 
earth, or vxtth, oonsisting of the detritus worn from hill- 
ndes, down which it rolls to produce fertile accumulations 
in the plains below. 

Drift. — This term is used to denote, amongst other 
things, the detritns which was scattered broadcast over 
much of the British area during the latest Glacial Period. 
The ice in its progress may have eroded some of the rock 
on which the drift— Boulder-clay or Till, for example — 
rests, and a mixed soil then results. And farther, as the 
glaciers ground up the snrface of the land over which 
they flowed, the detritus of one formation was mingled 
with that of another, and the result of this is nsually 
beneficiaL The Drift necessarily forms transported soils ; 
and, as the reader must have noticed, the soil in such cases 
differs more or less from the subsoil. In some, more 
especially the southern, parts of Britain, the Drift ia 
absent, and then there is a close and intimate relation be- 
tween the nature of the soil and that of the rock below 
— the subsoil. 

On this subject, Mr. H. B. Woodward says, " The oo- 
cnrrence of stones and bonlders far removed from their 
parent source early attracted the attention ot geologists ; 
but for a long period the phenomena, now known as of 
glacial origin, were unexplained, and the Drifts were 
looked upon as little more than ' extraneous rubbish,' the 
product of geological agents quite distinct from those 
which helped to form the more ' solid ' rocks that underlie 
them. Inasmuch as, in certain places, they rival in thick- 
ness some earlier geological formations, and as, taken 

U.g.VK.yG00glc 
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coUectively, they have a more direct iuflaence on Agri- 
culture than any other strata, their importance may 
readily be conceded. The interest now taken in these 
superficial deposits was mainly aroased by Joshua Trim- 
mer, who commenced to map the Zhifts on the One-inch 
Ordnance Map ; and he was followed by Mr. S. Y. Wood, 
Jan., to whose entbnsiastic labours we are most lai^y 
indebted for the foundation of oar knowledge on this 
subject. It is, however, impossible to indicate with 
accuracy the distribution of the Drifts, on a map smaller 
than the One-inch Geological Survey Map ; and with the 
exception of the Alluvial marshes, they occupy a com- 
paratively insignificant part in the scenery of our country, 
for the main features were marked oat before the Drifts 
were accumulated." 

At the end of 1883 the Geological Survey of England 
and Wales, on the scale of one inch to a mile, was com- 
pleted. This work was, however, concerned only with 
the "solid" geology, with the deposits of river and 
marine alluvium, and with accnmulations of peat. Other 
extensive deposits, of which mention will presently again 
be made, and which enter largely into the constitution 
of soils, were ignored, the fact being that the industrial 
and scientific importance of mapping these superficial 
accumulations was not recognised until comparatively 
ecently. Geologists had not adequately grasped the 
extent and significance of these surface deposits ; and the 
geological agencies involved in their production were not 
fully understood during the earlier years of the field 
survey for the one-inch map, that is, the map constructed 
on the scale in which one inch represents one mile. In 
the light of fuller knowledge, however, the necessity of 
mapping the more or less heterogeneous accumulations 
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of mineral matter, or detritus, which rest upon the de- 
nuded edgOB of the regularly stratified rocks beneath, 
became apparent ; and accordingly, in 1871, the publica- 
tion of what are termed the "drift" maps was commenced. 

Orioin of the Drift. — To rightly nnderetand the 
origin and the relations of the Drift, it is necessary to 
glance, though ever so briefly, at some recent events in 
the geological history of the British Isles. 

The Tertiary or Cainozoic period of the earth's history 
ie, according to the present state of geological knowledge, 
divided into the following minor periods : — 

4, Pliocene. 

5. Miocene. 
2. Otlgocena. 
1. Eocene. 

The Eocene is represented by a series of strata in the 
Isle of Wight and Hampshire, but chiefly in the Thames 
\'alley, the Iiondon Clay being the most important. The 
Oljgocene beds are restricted mainly to the New Forest 
and Isle of Wight areas. The Pliocene or Crag deposits 
are seen in the extreme east of England, in Norfolk and 
Suffolk ; and they afford abundant palffiontological evidence 
that, during the period of their deposition in compara- 
tively shallow water, the climate of this part of the globe 
was undergoing a gradual refrigeration. The cold sub- 
sequently became so intense that, over most of the British 
area, the heat of the summer sun was insufficient to melt 
the winter snows, and thus there gradoally accumulated 
over much of Great Britain and Ireland a thick and ex- 
tensive ice-cap, similar to that which persists in Green- 
land to the present day. As the glaciation became more 
intense, the great ice-sheet would increase in volume and 
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in weight; and as it slowly flowed along the surface of 
the land it would produce a two-fold effect, firstly, in 
Eprinding np the surface of the ground over which it 
]iassed ; and secondly, in carrying with it, and stranding 
or depositing far from their place of origin, ice-worn 
blocks or boulders (erratics). In this way was accumu- 
lated the Iiower Boulder Clay, a stiff clayey deposit full 
of transported blocks of stone, some of the latter enclosed 
in the Boulder Clay of Holderness, in Yorkshire, being 
derived from certain syenitic rocks in Norway, while 
fragments of granite, gneiss, and schists in the Boulder 
Clay of Norfolk also came from the higher latitudes of 
Northern Europe — borne thence on the bosom of the 
ice sheet. 

As it is doubtful if there are any rocks of Miocene age 
in Britain (those formerly referred to this period having, 
in deference to the opinions of Continental geologists, 
been relegated to the Oligocene), and as the Pliocene beds 
are of very local occurrence, it is inferred that much of 
onr area was, during later Tertiary times, a land surface. 
The eftbct of long-continued Fre-glacial disintegration 
upon this land most have resulted in the accumntation of 
not inconsiderable thicknesses of decayed or decomposed 
rock (soil), produced in gitu, and this, before and beneath 
the advancing ice-sheet, would easily have been trans- 
ported to localities far from the place of its origin, and 
thos have entered into the constitution of the Boulder 
Clay. After a long period of glaciation, depression set 
in over the British area, very much of which was sub- 
merged to considerable depths beneath the sea, as is 
proved by the occurrence, at present elevations exceeding 
1,000 feet, in various parts of northern and middle 
England and of Wales, of sands and gravels containing 
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mariiie ehellB. Re-elevation then took place, the land 
emerged from beneath the sea, and for a time there 
appears to have been a return to conditions not altogether 
nnlihe those which prevailed before submergence. This 
theory derives confirmation from the fact that the marine 
sands and gravels are in. places overlaid by the Upper 
Boulder Clay, another stiff, stony clay containing ice-wom 
stones, but differing from the Lover Boulder Clay in th» 
presence of intercalated beds of sand, gravel, or silt, and 
in affording indications of a rude hind of stratification, 
dne, perhaps, to minor oscillations of the land at about 
the level of the sea. This was followed \sy a farther slow 
elevation, as is proved by the existence of raised beaches, 
while a simultaneous amelioration of the climate was 
accompanied by the retreat of the glaciers, which, as they 
receded, left their stony freight (moraines) behind them. 

That, during the Glacial Period, there were many minor 
climatal and other physical variations is proved by the 
fact that even in the Boulder Clay itself there occur on 
different horizons beds of sand and gravel, deposits of 
fine clay, and layers of peat, Nevertheless, as far as 
geologists have been able to unravel the indications 
afforded by these superficial and ill-defined deposits, they 
appear to stand out in some such chronological seq^uence 
as the following, though one or more may be, and nsuaUy 
are, absent in any specified locality : — 

4. Moraines, flavio-glacial deposits, and raised beaches. 

8. Upper Boulder Clay. 

2. Middle Sands and Gravels. 

1. Lower Boulder Clay. 

It is these accumulations, often 88 heterogeneotis in 
their Ktructure as they were varied in their origin, which 
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rest npoit the stratified rocks as represented on a geo- 
logical map, and Thioh in many localities fiimisb e^ 
clnsively the materials botli of soil and sabsoil. 

The period, sncceeding the Pliocene, during which the 
glacial drifts were scattered over mach of the British 
area, is termed the Pleistocene, Post-Pliocene, or Diluvial. 
The last of these terms, though the oldest, is nnBatisfao- 
tory, and its nse is decidedly on the wane. It was given 
under a misconception — an erroneous ide& that the glacial 
drift (then called Dilnviom) was the residuum left by a 
great deluge. When little or nothing was certainly known 
about the origin of the glacial deposits, it was perhaps 
convenient to hide our ignorance by grouping them to- 
gether under the single head of Diluvium, but there is 
no excuse now for the retention of the term. The Pleisto- 
cene period was followed by the BeCent, Alluvial, or 
Human period, which brings us down to the present time. 
The subdivision of what is termed Post-Tertiary time 
into Pleistocene and Recent is, however, admitted to be 
exceedingly artificial, and is perhaps unwarrantable. 
Bain-wash or brick-earth, river and marine alluvium, 
lake-doors and peat-mosses, sand-dunes on the coasts and 
trail (or loess) in the valleys, are the kinds of deposits 
referred to the Eecent period, though some of them, par- 
ticularly in the south of England, may be much older, 
as, for example, the accumulations of rock-rubbish, known 
as " head," due to the disintegrating effects of severe frost. 
In fact, the true glacial drift, which is scattered pell-mell 
over so much of the British area, hardly extends south 
of the Thames, and this affords the clue to the cause of 
the difference between the soils resting on the Chalk area 
north of the Thames, and those overlying the same forma- 
tion south of this river. The former (insist of Boulder 
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Clay, or of glacial aands and gravels ; they are not 
necesaarlly related to the underlying rock, and are good 
examples of what are known as erratic or transported 
soils. The latter, excepting in the riTer-Talleys, are made 
ap of the insoluble residue which is left after rain-water 
containing carbonic acid in solution has dissolyed oat of 
the chalk-rock most of the carbonate of lime which enters 
BO largely— sometimes to the extent of 98 per cent. — Into 
its composition; it takes the form of clay-with-flints, or 
of somewhat light loam, and is an apt illustration of what 
is meant by a local, a sedentary, or an indigenoas soil, 
that ia, a aoil prodoced in situ. Here, then, are two 
examples of totally different soils, each resting npon the 
same formation ; and it ie easy to point to the brick-earth 
which occnpies the riTer-vallejrs in the Chalk of the South 
of England, and to the cold, stiff, fllntless clay of the 
Lower Chalk, as two additional examples. By referring 
to other formations in the strati gi-aphical series, it would 
be possible to multiply these examples indefinitely, all 
tending to demonstrate that what is represented as one 
and the same formation on the geological map may, never- 
theless, pupport soils of strangely dissimilar character in 
different localities. On the other hand, it is equally true 
that stratified formations of widely different lithological 
character may support soils of a very similar kind, owing 
to their being in each case covered, sometimes to a depth 
of more than a hundred ieet, by Boulder Clay, — 

" The bine, the itifl, the never dry," — 
or other detritus of the ic&«heet. 
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It sboald now be apparent that, for agricultural porposes, 
a geological map which in the main ignores— as geological 
maps usually do — the character and distribution of the 
sarface deposits, is not exactly what the agricnltorlst needs. 
But, it may be argoed, a map showing surface geology 
alone would be incompetent to convey much, if any, infor- 
mation as to the subjacent " solid " geology, which is cer- 
tainly too important to be lightly overlooked. This is 
true; and the obvious way to overcome this difficulty is, 
where possible, to study the two maps — the solid map and 
the drift map — side by side ; each map is complementary 
of the other, and a joint examination of the two is bound to 
throw a flood of light on the character of the soils of the 
district under inspection. It will be instructive to notice 
the results of a few such examinations, first premising 
that many of the " sheets " of the Ordnance and Geoli- 
gical Surveys are obtainable in " quarter-sheets," each of 
the latter representing a rectangular area of about 200 
square miles, the rectangle being about 17^ miles long by 
llj miles wide. 

Quarter^aheet 96, S.W., occupies part of the Yorkshire 
area, the town of Thirek being about 1 mile N.E. of Hie 
centre of the map, and the city of Bipon, in the S.W. comer, 
10 miles distant in a straight line. Across the solid map 
there extend, almost in consecutive order, the outcrops of 
the English stratified rocks, from the yellowish Magnesian 
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Limestone of the Permian aeries on the west to the apper- 
most beda of the Middle Oolite on the east, the general 
atrike being N.W. by N. to S.E. by S. The western side 
is occupied by an extensive, thongh not uninterrnpted, out- 
crop of Magnesian Limestone. The Banter is not seen, 
and there succeeds a fairly continuous band of Keuper 
Sandstone, about 5 miles wide, a narrow strip of this area 
being occupied by the alluvium and gravels of the Swale 
valley, and by a more extensive area of samd and gravel, of 
nnassigned age, south of Thirsk. Passing still eastward 
we cross a band of Keuper Harl, its width nowhere exceed- 
ing 2; miles, and the town of Thirsk resting on it. Then 
comes on the oast a very narrow but persistent baud of 
shale and marl of Bhcetic age. An outcrop of 2 to S miles 
wide of Lower Lias Shale is next seen, and there follow in 
rapid succession beds belonging to the Middle and Upper 
Lias and to the Oolitic series. The solid map further indi- 
cates the position of peaty soils, river terraces and alluvium, 
all regarded as of Postglacial age ; in the index of colours, 
and therefore on the map, the Boulder Clay, and sands and 
gravels, referred to the Glacial Period, are not indicated. 
These latter it is the province of the drift map to show ; and 
a most marked contrast is presented when the two maps 
are viewed side by side. The extensive outcrop of Mag- 
nesian Limestone in the west is almost lost to view, being 
reduced to a few local patches in the south, the greater 
part of its surface being covered up by Bonlder Clay, 
though in its northern part glacial sands and gravels pre- 
dominate. An area of some 3 or 4 square miles of peaty 
soil in the north-west is, of course, the same in both maps. 
The broad baud of Keuper Sandstone is almost whoUy 
masked either by Bonlder Clay or by glacial sands and 
gravels. East and north of Thiisk the Lower Lias Shales 



DUIFT MAPS. 1» 

are completely hidden by Boolder Clay, which extends 
across this part of the area in a fairly continuons band 
from N.W. to S.E., attaining a breadth of 4 miles in its 
widest part N.E. of Thirsk. In the north-east comer of 
the map a triangular area of abont 15 square miles is qmt« 
free from drift, and is accordingly represented the same in 
both maps. An example or two may serve to show the 
instractive character of the drift map; — For some distance 
aroond Thirsk the solid map might lead one to suppose the 
sarface was marl (Kenper Uarl) ; as a matter of fact It is 
chiefly »and attd gravel, and it is this which forms the 
basis of the agricoltural soiL Again, north and west of 
Bipon the solid map indicates the presence of the yellow 
Magnesian Limestone, whereas this district is completely 
covered with Boulder Clay. 

Quarter-sheet 51 8.E. embraces portions ol W. Suffolk 
and S. Cambridgeshire. In the north-east comer ia Bniy 
St. Eldmunds, while on the same latitude on the west side 
is Newmarket. The solid map represents Ae whole area 
as Chalk, excepting a few narrow patches of aUuvial de- 
posits extending along the banks of the Lark and other 
rivers ; hence the map is in only two colours, denoting 
Chalk and AUnviom respectively. The somewhat monoto- 
nous effect is entirely changed on the drift map, in which 
six additional colours are called into requisition, represent* 
ing severally : — 



Gravel 

Oravel of Old Bivers 

Boulder Clay . 

QraTsl &ui Sand , 

Briek-esith 



|- Itecect and Post-QlaoiaL 
!■ Qlaoial. 



Two-thirds, perhaps even three-quarters, of the area is 
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now seen to be occupied by Boulder Clay, tbe portion not 
BO covered being, in tke main, a triangalar area arotmd 
Newinarket ; this Burface is atill Cbalk, though varied by 
considerable patches of gravels of old rivers. Many of the 
elongated deposits of allavinm of the solid map are flanked 
by Fost-Qlacial gravels in the drift map. The most exten- 
sive deposit of glacial gravel and sand occupies an area 
lying south and west of Bury St. Edmunds, while north 
and east of this town a line of Chalk ontcrop still remains 
visible. Iioam is of very local occurrence. 

The two maps which have now been discussed are 
specially selected as affording good examples of the differ- 
ence between the solid geology and the Burface geology of 
the districts concerned. It-. will be useful now to examine 
the maps of an area south of the Thames, and for this 
purpose sheet 8 (not quarter-sheet) is taken. It comprises 
East Kent, Canterbury being in about the middle of the 
area; Margate, Kamsgate, Deal, and Dover on the east: 
Faversham and Ashfoid on the west; and Sittingboume 
still farther west, Prom west to east, across the middle 
of the land area, stretches a broad band of Chalk, flanked 
on the south-west by the Gaiilt and Lower Greensand 
Beds, and the Weald Clay. To the north, excepting in 
the Isle of Thanet, which is chiefly Chalk, are irregular 
and somewhat detached outcrops of the older Tertia- 
ries, comprising the Thanet Beds, Woolwich and Reading 
Beds, Oldhaven Beds, London Clay, and Lower Bagshot 
Sands, with considerable tracts of allavinm south of 
Sheppey, and west and south of Thanet. This solid map 
also indicates (1) blown sand, (2) shingle, (3) brick-earth, 
and (4) gravel and sand. On the drift map four additional 
colours are employed to denote other accomulations of 
brick-earth, and of gravel and Band, together with " loEuu 
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on the Chalk," and " clay--with-flints on the Chalk," the 
two last-named deposits being derived from the weathering 
of the local chalk-rock. The broad area of Chalk is now 
seen to be extensively diTersified by numerous irregular 
transverse bands, chiefly of olay-with-flints, bat partly of 
loam. Deposits of brick-earth are plentifully indicated on 
the Tertiary strata in the northern part of the area ; they 
are less abundant on the Gault and Gtreensand Beds in the 
south, and still less so on the Chalk itself. Thoagh the drift 
map presents a veiy marked contrast with the correspond- 
ing solid map, the whole area is, nevertheless, entirely 
free from the Boulder Clay and from the Gtlacial Sands 
and Gravels which constitute so noteworthy a feature 
in the surface geology of much of the area north of the 



The examples which have been given must suffice to show 
in what important respects the drift maps differ from the 
solid maps, and further to what extent useful agricultural 
information respecting the soils of any given locality may 
be obtained from a comparison of the two maps. But the 
general application of this mode of inquiry is not yet 
possible, owing to the backward state of the Drift Survey 
of England and Wales. As already stated, the survey for 
the 1-inch map of the solid geology was completed in 1883, 
whereas the survey of the surface geology was only c<an- 
menced in 1872. Owing to the delicate and laborious 
nature of the work, a considerable time must elapse be- 
tween the completion of the " drift ": survey of an area and 
the issue of the corresponding " drift " map to the public. 
Still, the work is progressing satisfactorily, and from in- 
qniries recently made at the Office of the Geological Survey 
of England and Wales, it appears that, down to the end of 
1889, drift maps had been published, embracing the whole 
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of Surrey, Middlesex, Suffolk, ICorfolk, nearly tlie whole of 
Kent, Caiubridgeshire, Lincolnshire, Durham, Flint, and 
Denbigh, and portions of Sussex, Hants, Berks, Backs, 
Herts, Hunts, Notts, Leicestershire, Yorkshire, Northum- 
berland, Cfumberland, Westmoreland, Lancashire, and 
Cheshire. This may strike the reader as a some-what 
fragmentary mode of procednre, bnt it must be remembered 
that the maps ore pnblished in rectangular areas, and not 
in counties. 

It may be objected that the 1-inch map is on too small 
a scale to be of maoh use to the agricnlturist who seeks 
information respecting farms and estates ; bnt this ob- 
jection is more apparent than real. By taking a sheet of 
paper and cutting from the middle 1 square inch, areas 
of 1 square mile can be brought into view by laying the 
sheet of paper on the map. The area thus isolated or 
exposed, 640 acres, is about that of a fair-sized farm, and 
in the maps to which reference has been made, it some- 
times happens that as many as half-a-dozen different 
colours can be included in the sqiiare inch. 

A more serious defect in the 1-inch map is the absence 
of contour lines. It must be remembered that, not only 
the mineral composition, but the altitude, the aspect, and 
the slope are important &ctor8 in controlling or deter- 
mining the character of a soil. Two soils of precisely 
identical lithological composition may, nevertheless, differ 
widely in their agrlcnitural valae ; for the one may 
associate with a high altitude, a northern aspect, and a 
rapid slope, while the other at a lower level may be 
favoured by a southern aspect and a gentle slope; the 
former will receive less heat, and its " fine earth " will 
be more liable to be washed away in the rain-water that 
flows along the surface. Contour-lines appeal eloquently 
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to the eye, telling of abmpt slopes as thej close up 
together, and of gentle declivities as they recede from 
each other. They are capable of showing, at a glance, the 
altitude, the aspect, and the slope. In connection with 
this point, however, it may be well to add, that the 6-inch 
Ordnance map shows the contonrs, so that in cases in which 
the geological aolid map, the drift map, and the 6-inch 
Ordnance map of a district can all be inspected together, 
it is of course possible to acquire very mnch valuable 
information aboat the soils of a farm, or of an estate, with- 
oat actnally visiting it. Nor must it be forgotten that 
to the geologist the outcrops themselves of the different 
atrata, as indicated on a map, go a long way to compen- 
sate for the absence of contonrs. 

Bat, even with the three maps jnat mentioned, there 
would still be a link missing. The geological map shows 
what are the tmderlying strata, the drift map indicates 
the mineral matter which is actnally at the surface, and 
from the decay of which the soil is formed. Bat the 
drift map affords no information as to the thichness or 
depth of the superficial deposit, nor as to whether there 
is, or is not, any other deposit lying between the super- 
ficial one and the stratified rocks below. This is obviously 
a very important matter in connection with water-supply 
and drainage. Thns, suppose the drift map to indicaie a 
surface accumulation of glacial sands and gravels resting 
upon what the solid map represents as on onfcrop of the 
Chalk, it might be hastily inferred that &om the surface 
downward there were only permeable strata. But it 
would be quite possible for the sands and gravela to rest 
upon the Lower Boulder Clay, only the latter being in 
contact with the subjacent Chalk; in this case the imper- 
meable clay would resist the downward passage of the 
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water derived from the rainfall on the sands and gravela, 
and land Bpringe and surface wells would be the result. 
On the other hand, in the case of Boulder Clay resting 
upon sands and gravels, and these in turn upon the solid 
(let us suppose impermeable) rocks below, the drainage of 
the clay soil might be disposed of by sinking absorption 
wells into the intervening permeable sands and gravels. 
The drift maps, by denoting the limits or boundaries of 
the surface accumulations, indicate clearly enough where 
these deposits thin out at the surfece and give place to 
others on the same horizon, and, to some extent, it is dis- 
coverable from them whether more than one kind of drift 
deposit exists between the soil and the underlying solid 
rock. It would be very useful to know, in the case of 
surface accumulations, what might be termed the contours 
of the underlying or deep face of such deposits, as then 
their varying depth could at once be ascertained. The 
late Mr. Trimmer, who devoted considerable attention to 
the study of soils, and since whose time the subject has 
been almost at a standstill, published in 1^0 a 10-page 
pamphlet, now difficult ia obtain, bearing on the title- 
page ; " Proposals for a Geological Survey specially directed 
to Agricultural Objects. By Joshua Trimmer, F.Q-.S., at 
present attached to the Geological Survey of Great 
Britain," His chief object was the preparation of geo- 
logical maps on which would be shown " those superficial 
deposits which are omitted from ordinary geological 
maps, but which are, obviously, of the most importance to 
the agriculturist," He constructed a table in which the 
italicized letters of the alphabet are made to denote the 
various kinds of soils, whether siliceous, loamy, clayey, 
peaty, marly, or calcareous, with the varieties of each. 
Then such a symbol as this on the map, — 



/•IS 

gr. 10 

8.20 
would mean that, at the point where the sign occurs, " the 
■ soil oonsista of erratic sandy loam 18 inches deep, on a 
subsoil of gratel 10 feet deep, and a substratum of sand 
20 feet deep." These conditions may vary within very 
short distances, aud even in the same field, to 

s. 20 
or " erratic sandy loam 6 inches, on gravel 3 feet, and 
sand 20 feet deep." They may even vary to the follow- 
ing, where the surface soil is all that belongs to the 
erratic class, 

/■6 

ch, 30 + 
" erratic sandy loam 6 inches, on chalk, of depth andeter- 
mined, but more than 30 feet," The following example 
shows the manner in which a local or indigenons soil 
would be noted : — 

/■6 

sra. 30 + 
that is, " local sandy loam 6 inches, on sandstone, of depth 
undetermined, but more than 30 feet." It will be 
noticed that the figares of the top line always denote 
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inches, and of the other lineB feet By acting apcn these 
suggestions of Trimmer, it appears likely that ^ricnl- 
turists might usefully supplement the pablished drift map 
of any area under their charge by annotations of this 
kind ; well-sinking, deep drainage, and the lilie would 
afford the neoeasary data. Trimmer's method is adopted 
in the field work of the Qeological Snrvey, and will be 
fonnd recorded on the manuscript maps of the Surrey, 

Trimmer enunciated comprehensive and definite views 
respecting Agricultural Geology, which he considered 
should embrace the classification of soils, both as regards 
tiieir Hthological character and their mode of origin ; their 
horizontal and vertical distribution ; the occurrence of 
mineral fertilizers, and of materials suitable for building, 
draining, and road-making ; springs and water-supply ; the 
depths and distances of drains ; and the relation of soils 
'o the distribution of population. He estimated that an 
examination of the soils of England and Wales for the 
purpose of determining their vciriations, and their rela- 
tions to the rock formations of our geological maps, would 
require the constant work of ten Surveyors for thirty 
years ; and, as has just been noticed, his experience led 
him to the conclusion that not the mere surface alone, but 
the thickness and lithological character of all the beds . 
between the solid rock and the soil should be indicated. 

No more fitting tribute to the soundness of Trimmer's 
views could he desired than the following remarks made 
by an experienced agriculturist, Mr. Albert Pell, in the 
Jmtmed of the Royal Agricultural Bodety of England, 
Part I., 1890 :— 

"We have abundance of splendid geological maps of 
Great Britain, but of surface maps next to none, if we 
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except the ' drift ' maps of the Ordnance Survey of the 
eastern portion of Englimd ; uid it is, after all, with the 
Bnrface that the farmer has to do, A geological El Dorado 
of fertility may be below him at a depth of four feet ; but 
if the space between that and the sole of his plough or th« 
hoof of his live-stock be taken up by a layer of boulder 
clay, it wight as well be on the other side of the world, for 
all the good it will do him." 

England, to a greater extent perhaps than any other 
area of equal size upon the globe, is partioalarly rich in 
the number and variety of the geologjool outcrops within 
its borders. In the study of these, and of their relations 
to each other and to the superincumbent accumnlatioiis of 
drift, will be found the key to the characteristie features ■ 
of Agricultural England, as well as the explanation of 
the striking tranaitions — so well described by the late 
John Algernon Clarke in the Journal of the Royal Agri- 
cultural Society, 1878— 

" FroiD the warm hop and fruit grounds of Kent and 
the dry Chalk downs of Sussex to the bleak northern 
Cheviots and the stormy fells of Cumberland ; from the 
rich wheat and root lands of East Yorkshire to the moors 
of the West Biding and the mosses of Lancashire ; from 
the fat marsh lands and high-cultured wold and heath 
farms of Lincolushire to the mountain ranges of Carnar- 
von; from the arid barley lands of East Anglia and the 
corn-growing clays of Esses to the moist uplands and 
lofty sheep-walks of South Wales ; f:-om the hay meadows 
of Middlesex and the sands of Surrey to the sheep-clad 
hills of Dorset, the mnk pastures of Somerset, and the 
com and dairy farms, mild garden grounds, apple orchai-ds, 
and granite wilds of Devon and Cornwall." 

U.g.VK-.C00^le __ 
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